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FIELD The present invention relates to data storage nedia, ahdukf8dially

" relates to §Rjpds0f meking data storage nedia and to partighl 6 oIIy
pol ymeric data storage nedi a. BACKGROUND OF THE | NVENTI ON Cpt#céﬁaﬁﬁ%gﬂ

and rmagneto-optic nmedia are primary sources of high perfornmance storage
t echnol ogy whi ch enabl es high storage capacity coupled wth a reasonabl e
price per negabyte of storage. Areal densitq®typically expressed as

billions of bits per square inch of disk surface area (Cbits per square

inch (Gits/in'-)), is equivalent to t E w#wmQHWWSlty (bits of
information per inch of track) nultipl ack density in tracks
per inch. Inproved areal density has been one of the key factors in the

price reduction per negabyte, and further increases in areal density
continue to be demanded by the industr n the area of optical storage,
advances focus on access tine, systenﬂﬂ@ﬂﬁﬂmmu mm&conpetltlve costi ng.

I ncreasing areal density is being add using on~ 1 | ~VO

00/ 48172 31 July 2003 PCT/ US00/ 03644 the disfifsraction limts of optics
(using near-field optics), investigating three di nensional storage,

i nvestigating potential holographic recordi ng nethods and ot her techni ques.
Conventional polyneric data storage nedi a has been enpl oyed in areas such
as conpact disks (CD-ROM and recordable or re-veritable conpact disks
(e.g., CDRW, and simlar relatively |ow areal density devices, e.g. |less
than about 1 Ghits/in2, which are typically read-through devices requiring

t he enpl oynent of a good optical quality substrate having | ow
bi refri ngence. DATA STORAGE MEDIA

TECHNICAL FIELD

The present invention relates to data storage media, and especially relates to
methods of making data storage media and to partially and wholly polymeric data

storage media.

BACKGROUND OF THE INVENTION

Optical, magnetic and magneto-optic media are primary sources of high
performance storage technology which enabies high storage capacity coupled with a
reasonable price per megabyte of storage. Areal density, typically expressed as
billions of bits per square inch of disk surface area (Gbits per square inch (Gbits/in)),
is equivalent to the linear density (bits of information per inch of track) multiplied by
the track density in tracks per inch. Improved areal density has been one of the key
factors in the price reduction per megabyte, and further increases in areal density

continue to be demanded by the industry.

In the area of optical storage, advances focus on access time, system volume,

and competitive costing. Increasing areal density is being addressed by focusing on



Referring to Figure 1) a |ow areal density system1 is illustrated having a
read 10 device 3 and a recordable or re-veritabl e storage nediaIS. The

© storage nedi nprises conventional layers, including a Yb g 7,

di el ectri cq‘}(g 2‘}8?}9 and 9', reflective layer 11, and prot ecﬁ%oﬁf?{ 13.
During operation of the system11, a laser 15 produced by the read device 3
is incident upon the optically clear substrate 17. The | aser passes through
the substrate 17, and through the dielectric layer 9, the data 1 S |ayer 7
and a second di Lign 1 " : : of f the
reflective | ayet?‘é %ﬁgcgg%kﬁ%{ﬁéfoﬁaﬂs (;{ﬂgg J&?‘Zi%glgtjo ?}1%5'3‘,?1;\%@%;??%??6 data | ayer

7, the di el ect rdimedsippakst@ageaimdestipging potehtia helogpkin decolingaaethdsly andatheread
device 3. Unli kr%htm 8D and beyond that of the DVD, storage nedia having
hi gh ar eal densﬁfy apabilities, typically greater than 5 Guits/in2 enpl oy
first surface or near 20 field read/wite techniques in order to increase
the areal density. [Eonvesgiotrl polgmaredatedorage médihiosdhert dngploytiicakasgual i ty of

the substrate i s not relevant e physi.cal and hani cal .. propert.ies of
the subetrats peeomiect fRCT oM SnbF e o S e R BT o

appl i cations, iReudd sighilat reBitivay [dwasreal dppity datidedesy. Idshthas wdufiC Sbiywsat,i ty of
the storage nedi g can effect trlg ag'%cur,acy of .the readi ng d?vi ce, the
ability to stor¥MgirsyPElnradfapHen CAYIPeHeHrs thy BPIBYMEN, ot S eapsioputal
Furthernore, t am@gﬁgwehgha%@w&{emﬁggﬁ. of "- the storage nedia when in
use can also effect the ability to store and retrieve data; i.e. the axial
di spl acenent of the nediia, if too great, can inhibit accurate retrieval of
data and/ or damage RFETREAFIFE b adey ped densiy sysigm y 9igraRe hovipa 8 1erd

PCTI USO0/ 036i#4 £91y §bd RRBbkNble bevARANE b EESIAS S PR RérBsk Mddids enpl oyi ng
first surface, including near field, techniques have been addressed by

utilizing met al conpriges comyennenaligyers intlugingssdata bt 7 adielectriThuere Sgub®t r at es are

formed into a dxieﬁ%ti%‘ﬂéésrrﬁ,ﬂ%ﬁair&&%vé ?aﬁif 13, %}%m%%éﬁ?&ﬁ)ﬁgfpgg S a%%ﬂi%?t rate

usi ng various techniqu such as sputtering. Sl rs include
refl ective | ayersprodiiced cthe read Hawyerisis idaleat wbo rhe@etitadly elear suhsirapriGt ect i ve

par 1 1 oned 1 nt B Sl A AT CHPIAR Sltreeot s QIR gHAL Tons Sl i 1 o

t echni ques. 15ecClagdr 7shd edconddisestriclage deThded 15 thep tediactp bfshearaflective chemni cal
t echni ques, e. i however this nust occur pgigc%}rlﬁpéo t he deposition
t

g. etching [ ]
of the 10 nagnefYE [l pek trough thediclasiriedayer Py i datadaye electas layee

i ndustry, the dgaRdubfaedi7oal & ity RORaE@RALIL 1 €S at |ower prices, the
desire to have re-witable disks) and the numerous techni ques being

i nvestigated, further advances in the technol ogy are constantly desired and

sought. What is needddike eGRandheyonddhal qf ths DD, siprage sredigdappg high asplst r at e

15 material s enghkibyApsthiRe8 APpiRYigheate? tHAR 5\Wibitk/inZ QehpIdyf firkiSurfade! o A62)
i ncludi ng near fi elltygit,gpappl [ gﬁ%lfmgﬁsg.%aBRl EF SUMRY g:ayfTHE I Ir\IVENTI ON The

present i nvéht i Beld Feed/arigssteghgiaas in osdepiodgereate dicqreakdspain. Fos supbseEs f or
making and procKsse Sithdiigh W dptlcdi BIBASERe dBsRRIE nbl Elefdrt Gt SHYROHLAENT S, the
mechanical properties of the substrate become increasingly important. For high areal
density applications, including first surface applications, the surface quality of the
storage media can effect the accuracy of the reading device, the ability to store data,
25  and replication qualities of the substrate. Furthermore, the physical characteristics of
the storage media when in use can also effect the ability to store and retrieve data; i.e.
the axial displacement of the media, if too great, can inhibit accurate retrieval of data

and/or damage the read/write device. .



20 storage nedi a conprises: a substrate conprised of at |east one plastic
resin portion, and at |east one data |ayer on the substrate rej the

" data layer can be_at least partly read from witten to, or

thereof by %P eHIt one energy field, and wherein when the %%PWOP% d
contacts the storage nedia said energy field is incident upon the data

| ayer before it could be incident upon the substrate. 25 In another

enbodi ment, the data storage nedia conprises: a rigid substrate, a plastic
| ayer conprising sur, u n t i | ayer on the
pl astic |layer. The %%gﬁugﬁf}g {hg%orvg %?%8?408?%& rr“g@%"gﬂ%mgaﬂgr}géﬁfan%capabI e of
wi t hst andi ng vamhbdnsgnmiﬁnidqmém;qusmmivebeensapdttssed byngtilidirgmadk.¢.i onal desired
| ayers WO 00/ 8172 31 003 PCJ/US00103644 .i ncl uding, e.g.,

refl ective | ayef gmlnﬁi”e?‘@]cg?‘?s%/&u e S, e?fa?f‘%&ré‘?ef)?rﬁé‘é‘n}egy‘@?%gls}éﬁ‘ﬂig H ot ect i ve

| ayers. The surfiaged hpad it ﬂﬁpcﬂé&ﬁﬁﬂtthd dubéthe Ringshiisusiertiqual fickeef er abl y
enbossed surface features_and the @I astic layer has preferably been applied

to the subst? at &UiEingg Pegsitle ldyes inplyde wehegtr laypisediclegus jangys alaiioragees. | n
another embodi MGk addfoi8RHERAer2. ORIILE Bed haEHlio Byfs k2Tl fagaliPH at ©
followed by forming a data storage [ayer onto the substrate. The method can
conpri se i ntroddish may be pastitioapd 9l ipdielrand gangentig| sgctors thagkgh magnetistepdywrite
substrate; cool j torage | ayer
onto said pl ast#egtg] Kﬁ%‘%s'?SreglO?%dfﬁiréﬂpfﬁé(gsec%lg%&g{uugﬁlg%’ )f;galaorq}%rn?is% form ng
geogr aphic | ocatedmsqu@sl e ettling howener thideus becsapmorpd &tetdelmssmbsf thate in situ.
The net hod i@ ﬁ @ ?tl onally conprise formng the data storage | ayer
over the geoyr aP %”(?'? ¢dtors. In yet another enbodi ment, the nethod of
storing data conprises: rotating a storage nedia conprising a substrate
havi ng at | east a pl&sis iemdmfrbmom fasnpaed of iedsdusapaheidin@nt fof @reattt spaged on
at | east one surface oflsa blzft%ate direct] r]g 3 energ field 15 at

sai d storage netAP&'YHEhH °twl"7%11?“°§%1 Fféertﬁﬁa‘felré'l“ﬁlt? r YiRe IEPUS he dat a

| ayer before it tegitilquebdinEint@nfatet) QittheNRivanddsinltiad ©chndldgy A lbds@Wiing
information fromthe data storage |layer. A variety of energy fields could

be enpl oyed, e. gesiredagraysht: o%?tds Efteé‘i"da@éh%@kf?e?%a%eﬁﬂ‘gﬁ‘fgﬁﬂed“qdfaeﬁuﬁs%ﬁd/ or

optical |ases a&ﬁteaﬁ%amn térh& Rétfia ﬁrbeqameq%k RETaLY, kdcluaing GedrGel£C i Ng
optics is used to read. 20 Description of the Drawings Figure 1 is a

cross- sect i onal anplifaiiens-at i on of a prior art |low areal density system
enpl oying an optically clear substrate. Figure 2 is a cross-sectional

il lustration of paisk SAFUXEY benEXSVRAdSi Ng one possi bl e embodi ment of a-
storage nedia of the present invention with a light incident 25 on the data

storage | ayer wi thout passing through the substrate. 4 31 July 2003 WO
00/ 48172 PCT/ US00/ 03B®¥present invention relates to data storage media as well as methods for

making and processes for using the same. In some preferred embodiments, the

20  storage media comprises: a substrate comprised of at least one plastic resin portion,
and at least one data layer on the substrate wherein the data layer can be at least partly
read from, written to, or 2 combination thereof by at least one energy field, and
wherein when the energy field contacts the storage media said energy field is incident

upon the data layer before it could be incident upon the substrate.

25 In another embodiment, the data storage media comprises: a rigid
substrate, a plastic layer comprising surface features, and at least one additional layer
on the plastic layer. The plastic layer preferably is made from a resin capable of

withstanding various techniques, such as sputtering, for additional desired layers

3



Figure 3 is a cross-sectional illustration of one enbodi ment of a magnetic
data storage substrate of the present invention. Figure 4 i ﬁ%fﬁ h of

fl exural nodul us versus specific gravity for various fundaren axi al

nmodal fredV@A¥48E of a nonolithic disk having a 95 mm out SICTHSANRIA? by 0.8
mm t hi ckness. Figure 5 is a graph of specific stiffness (flexural nodul us
di vided by specific gravity) versus danping coefficient for various peak to
peak axi al displacenents when excited by a 1 G sinusoidal |oad. Figure 6 is
a graph representing the nment axi frequenc ti
ayer 60 composPEUNBRG BiFUiines ot peeTongy o SR et APERIRi ¢
honogeneous | ameds THe sffade fedtted BtdehiGh 6RGhIAIRd MeR fare PréferdbI® embbsedr aph
representing axial displacenent peak to eak fromvibration at the first

f undanent al fr%ﬁfﬂ%fevuwéﬁndalhwﬁmc lavgyhes BEPI Rl bre pepled inthe SUBSER RYRG di sk)
130 mm outer dipRhGh Qﬂdlgr s%ramitmgq&ﬂﬁaesdtédﬁom_@e/emdmgmﬁ@m layers 15

of neat and rel nforcegd pol ymer. Fi gures to 21 illustrate various
cr oss- sect i bnatompmidest dprmingmplasiic sulvetrerd ifqibrwé by forming arﬁawmgeﬂmemm on

having a core/| h@?&[ atgf ngtﬁ(l)aaéain cngszgllntf\gugrE%J r'nlofte 3) @%1 eorre old\%t h the

core/insert disposéd at varrous loca vari ries. 20
Figure 22 is amalerﬂqﬂahtmemistrae rnobh:rg sard plasgumestﬂa&)e khd frmhmg‘aldang staragen

honogenous ( AB ‘Agl substra I{btazﬁl ooves 1{ygures 23 and 24 are
cross-sectiona Vl"BWS“a‘dlf %fa‘élf Reial r‘f@‘h‘?‘gmﬂf\‘ tREPHICOBNIE i nvent i on
illustrating agegRphit dcatoRadnl aﬂgaétbwsxw Fsiill plabtid sitbstfatedhl kitu. 2Eheintettvd
Cross-secti ona% vi ew of one enbodi nent of a tri-conponent disk 25 of the

present i n¥@&nt Manalso opgipnally qpmppesfopmigethe datg ssosagalaaﬁrdygt%a?qgeﬁbzp vi ew of
anot her enbodi geptsf a disk of the present invention secured with a clanp.

In yet another embodiment, the method of storing data comprises: rotating a
storage media comprising a substrate having at least a plastic portion and at least one
data layer disposed on at least one surface of said substrate; directing an energy field

15  atsaid storage media such that said energy field is incident upon the data layer before
it can be incident upon the substrate; and retrieving information from the data storage
layer. A variety of energy fields could be employed, e.g., magneto-optic storage
wherein a magnetic field and/or optical laser are used to write but an optical beam

utilizing reflecting optics is used to read.
20  Description of the Drawings

Figure 1 is a cross-sectional illustration of a prior art low areal density system

employing an optically clear substrate.

Figure 2 is a cross-sectional illustration of a read/write system using one
possible embodiment of a storage media of the present invention with a light incident

25  on the data storage layer without passing through the substrate.



Figure 27 is a cross-sectional view of yet another embodi mnt of the
present invention having a thin plastic filmdisposed on a qut@% gf a
core. f 5 Figures 28 to 32 illustrate various enbodi ment™ o g i’DFe
substrate \3’9% lﬁfes for the substrate of the present i nveht Y ﬁqo’oﬁf"éures 33
to 35 illustrate various enbodi nents of possible ore geonetries for the
storage nedia of the present invention. Figure 36 illustrates nodal shapes
obtained fromwith a 130~nm di sk via 10 chirp excitation. The above

descri bed Figures a

illustrating sone o?‘%%l %26}9%%%%%8%0%1% odi rlréehn%fs%% ?nlﬂh@rﬁén? gl'"saem?én I%n%//%al’tl

Det ai |l ed Descr istptaigeﬂuhsfratehﬁhd:mmntmmtx&ﬁ 20 25 The data storage nedia is
partially or wholly conprised of a plastic material. This storage nedia is
useful in high area S m!ar
applications, wher e#lﬁql%q LL%’ gtp&lfdeﬁ 'ﬁﬁ@ Jerﬁst r?g‘#’;é g‘ﬁs’t}g{agf/%lr age | ayers)
contacts the dalrﬂamemalaagal rha;eéfrsc)uemnesmﬁuunomphtatc diskhstinga PHmnt auteront act i ng

t he substra% B b8 gﬂ in contrast to conventional conpact disks
(CDs) and Si P?F"e DT BPd9'°Fhe energy fiel d does not pass through the
substrate to contact the data storage |ayer or reflect back through the
substrate to the reBigurd isegiapleof sbcniﬁxraﬂiéfneﬁsc@ﬂémrad:mbdlﬂué divigerchy dpegfic ar eal

density appllcatlo S the storage di ality must, ex eed t hat  of

convent i onal cheF i i AT e e RSt ek et SIS BT R o

conventi onal Cm)e,aggt,tsasyﬁaesmdéiaan@hpul d have a reduced axi al dislacenent
when excited by environnental and/or rot ati onal vi brati ons, greater 31

July 2003 f I Ly, denot ed I f ect
2~ Yoment. of i ner | i bEAt upins Bapangtedyl shET srendBr T O

sl ug-in2 oriol essultkered t@figREitLBD n@ﬂdutaxbamhetértﬁ 1Sd tifi-thidRneed dikiewih espe~ anong
other qualities. Furthernore, the storage nedia preferably 5 densities
exceedi ng abouth°’5°$§5‘F?‘§ll4yFﬁi’f“%‘?'Hirﬁ'lng’a‘feérpmcyﬁ‘&h about 6 G greater than
about 10 Ghits/in2 nore preferred, greater than about nore preferred,

greater than about Bfufddik giabmzep@y@mngrma dgpaf:@ﬁdhfpeabwearéﬁomlarsddnnz
especially preferred, .and up to or exceeding ab~ anticipated. 10 Generally)

in high areal abﬁhgﬁfsyﬁaemnaéﬁ?%gcy foga malslda!re@ comppite(ARA/Rrinieeedievi ce i s
l'ocated rel ati wgaky1 ) RSSulePdibRBtesty ?ﬁﬁ% tmckf:erss Gt BR A tofofimb@ngRls |0
general, the higher the density sought, the read/wite device shoul d be to
the surfacdSof h@tsxnctﬂea&éceﬁmyalew |nstances the stand-off distance is
generally less than about 0.3 m 15 often | ess than about 760 nanoneters
(nm). For extremelyghug sdem mea%vwahs@s &&wsé‘c%omarwts Sledbby extrenely
close, e.g.) less than abou (u), often |less than about 0.013 w fromthe
surface. Consegoepdiments@f thp prgsentimnention havieg sedse/inpert of W@l @f hadlogidrf i ci entl y
| ess than a tol e to the
read/ wite den @Sdgmdﬁegc‘g% agderg/E ué}lgﬁ orge(ﬁm?ﬁ%%l%g%c??or s condi ti ons.
For examl nm i geouttses.di aneter, 40 mmin inner dianeter, and 1.2 Mmin this
experiencing a sinusoidal gravitational |oading of about 1 G a reso about
170 Hz, andya standgfffe Hi; AUt oly di: to peak
measur enment of | ess %%ﬂﬁa%ut g%&fnf@p‘pre %’gﬁeél R}U&Etl IgC)anS nor e
preferred, and hbmsgertobamBa’&)csubsnﬁES‘pthqmpecgrab\Iey preferred for it damage to
the substrate and/or the read/write device is a primary cc an axi al

di spl acenent in pea f r SS
preferred, is naint gllgtgﬁlpeée?o a s &rr%;%"r‘%g'rﬁ‘%%&% t?OQB %ﬁg&tn%oafggut 10
mlli seconds ( meezent m;ephomatxstmnnga substeanchaviug nitin plstidi fiml acenent to about 35
G s preferred. However, in other instance |ower rotating out 4.5x 10'3 11y
preferred), errlseSF u?eaiS 1chx%g Pect?onglr\;ng\gbfc%%eh% Jh nto\fg'gn%rﬁ&fhgﬁt Jﬂan 100
Ghits/in2 its/in reater, s ese
imeters (nmds) ajﬁd'nemrésyutlh\hﬂtuﬁx 064 microns ae axial ible systemce and/or
storage 'e, for a disk (130 ;ness) ant frequency of placenent in peak han
about 150p tances when ~cern. Preferably, v less) with about 'S G s, with
an fining such a 5



»

~, e.g., those with 7 31 July 2003 a larger standoff distance (e.g t he
about 0.30. or nore stand-off) is not a dom nating issue too.t} h‘gt E&}dﬁ

31 July 2003 but rather, a very |ow axial displacenment and/ T4

prei optics to remain in focus since they may be incapable of respo~ |n
focal length. The maxinmumradial tilt and tangential tilt are or |ess”
preferably, no nore than about 1 each, and nore pref 5 0.3 each, neasured
in aresting state (i.e., not spinning). 10 15 20 The substrate axi al

di spl acenent is a function of several char including, but not limted to,
the disk size requirenents (inner and other thickness), fts stiffness
(flexural nodulus) and density, Poisson's rati and storage nodul us, and
conbi nat i ons there(ﬁgﬁfﬁ’é QEQ%S secﬁ%néibt%w%f‘aﬂ&ﬂ&%%%dm{eh ikl of Sp' acenent
of the di sk under shock an ratlon al so 1 ncreases, and as f%e di sk

t hi ckness decrpsessaidhvention speured sithla clampi fr while its axi di spl acenent

i ncr eases. Currently t he di nensi ons of nedia are specifjed by the industry
to enable their

Consequently, the ?tl%l?e aﬁﬁ%%giBs wecagnﬁ%gr%fg%%dtﬂg{&%ﬂom up to a%g’%?e 210
mllineters (menaamhafmgn}hmrpmhaﬁiradxsmsed_@oammoll ofgawat.er, with an inner

di anmeter of about 15 mmto an outer dianeter of about 65 mmto about 130 mMm
general ly enpl o; . to about 2.5
nm wth a%out 1. 2@%@%?%2 Fh&gértéeyagr%{rﬂe)%&%% éni ﬁltbg#tébtlg @qur% t hi cknesses
¢ enpl oyed togg@nannstonénede@m@@fﬁte@mseréenven@n I n additipn to axial

di spl acenment, stiffness affects the for vibration of the|substrate. It has
been deter mi ned t hay Pé§%3¥§35iﬂﬂﬂ?a'?€3%€hsMImJnEse&&b@ﬁmre gd¥metiis st ed
based upon sever al #? material properties, e.g., the flekgural no qus

t hi ckness, andighe sthrmgg Bedia pf the pesseny inyentione substrate or | desi gn

ar chi tecture) e.g. internalle; (See Figure 4) Since the tmdal frequenci es
define the frequenthu?et3@H@§tafesmdmweabttymé@§&ﬂaauﬁsa13d LRgiiag the disk
out of plane, it is pto allowfor the to rapld changes fendently about 1

| ess thanlﬁboﬁbﬂPPxW@ﬂﬁq and | oss nmodulus ;'s outer radjus conditions s
"decreases storage able storage Lv has an of up tot 40 and The overall

thi ckness 'up to ol %@ﬁaobbaesaﬁmtm@tﬁ&a&eﬁlhmtowaxsla:hprafyemt iilng) Wesdifle of the
storage nedi a

S on ST O R dher B ppbai arbShae bf e el EnaEs, 2 ° VP! cal 1Y

Detailed Description of the Invention

15 The data storage media is partially or wholly comprised of a plastic material.
This storage media is useful in high areal density applications, first sprface and
similar applications, wherein an energy field incident on the data stofage layer(s)

contacts the data storage layer(s) without or at least prior to contactirg the substrate.

In other words, in contrast to conventional compact disks (CDs) and ltsimilar

20  applications, the energy field does not pass through the substrate to cpntact the data
storage layer or reflect back through the substrate to the reading devife. In order to
function in such high areal density applications the storage media quality must exceed
that of conventional CDs and related media. The storage media, conjpared to
conventional CDs and similar media, should have a reduced axial disgplacement when «

25  excited by environmental and/or rotational vibrations, greater




including fic gravity 1 stiffeners. the ed to have , opefating t 500 Hz, 8
31 July 2003 with greater than 500 Hz anticipated for fujure @ﬁq |§&%ions.

" substrate preferably possesses a flexural nodul us/density wh? titlp 2 guency
outside of the storage nedia' s operating frequency. As Flgure 4 (mhose
properties are set forth in the Table below) the ini uenfly, the es the
first nodal evident fromrelationship of 5 flexural nodulus and specific
gravity/density greatly effects the de ed substrate flexpral nodul us and
density. Preferably, the stiffness should be hi h and thg density should be
| ow. Typically, the flexural nodulus should be about 25 fhousand pounds per
square inch (kpsi) or greater, with a flexural nDdqus o] about 3~0 kpsi or

greater preferr 0 a eferf and.a fl exural
~ 10 1000 kpsi® %‘E acq *’g‘rye‘?”&f%ég?% c’]rlrr%pgafh Y8 fl%ns ? 8?535???’3? gravity
about 1.5 or Iﬁﬁ)&],enwfhﬂierm @r&aaﬁly«abcgna\ﬁxl(y’ shig—mboulbsslwﬁh :

souk esmm’or ep

specific graV| of, a 1.al l eferr h the
axi al displ ace fn OBEéS ‘E‘Bretﬂﬁ%fe% f’“? aﬁ” 'ﬁ‘g&ﬁ}f‘fﬁ rﬁr‘?g FHeEPH Ié(t é‘?fF‘B > ef f ect
of surface roughpgssh@qualaies. BirtHefimfio)] thestdagsmedih grefeasdy forhpribs &bl f ace

quality, particularly in the area of f$he stc the data isjstgred, and should

be substant? al dgnsxﬂpwmeﬁmgﬂwm%l&% igrgaes thep abopt £ Hitsién preferTesk or age
media, and to gfagtbll BaRRRHY FS GhitiAhPmbRlpirenal, grelleche %Iuv 0 &hig/istRsh T ate has
at least a portion of I1ts surface surface roughness éRB as neasured by
atom c force mn@reas@fw% gt‘;ﬁtezﬂﬂall@@uA%gbﬁ%me‘(eﬂ)morbp@ egeftgrsatagithan g
roughness of D ghne f t han
about 5-~. (Roug ﬁe%ds]éﬁéﬁp y‘liéb%c\llae1 géeﬁlgﬁwqwﬁ%éxcrec:u" ar gldngl%ﬁ)Zr?
substrate.) Thantigipstedwavi ness ¢ which is typically an average of a 1 nm by
1 mmarea, can be up to with up to about 10 ~ preferred, {and up to about 5

~ especi al y pref %enEﬁﬂ?%hgmréah&enfsﬂt@a@ﬁéﬁmﬁahsoabm BfiRAn? SrighaRpl ') . A
-substantially flat essen d I's especi al |y

ree o ges or va
preferred. A riiprsd/wriodevige lbécﬁﬁﬁbﬁlﬁ"é@)’ clgsg 19 the chq)qrythtorggp medizbout 10~
preferred, to @tragwgfégstﬁéae% gédeyal Rhighd: 8L dehdity bR thd dioke

aver age of ent referably erred, a enpl oyed o) the
substrate age m‘uwatwdwceshquhbberte&wswfaqe@fﬁmssrqram@bdm t] a:ﬁllzaméh@ge ess

than about -, f?l&gnc@grtﬁe stand-off distance is generally less than about 0.3 mi unetcrs (mm), and
15  often less than about 760 nanometers (nm). For extremely high de sity, the

20 media surface during vibration and/or shock conditions. For exam -i le, for a disk (130

experiencing a sinusoidal gravitational loading of about 1 G, areso -| ant frequency of
about 170 Hz, and a stand-off distance, of about 0.051p, an axial di d placement in peak
to peak measurement of less than about 250 is preferred, with lessithan about 150p
25  more preferred, and less than about 125 especially preferred for inktances when
damage to the substrate and/or the read/write device is a primary copcern. Preferably,
an axial displacement in peak to peak measurement of about 500u dr less, with about
250w or less preferred, is maintained to a shock maximum of about 5 G’s, with an
about 2 to about 10 milliseconds (msec) application time and maintining such a

30  displacement to about 35 G’s preferred. However, in other instances, e.g., those with




sally an the surface, out 100 t~, Wth ibstrate of up to
_up to area of the 9 f 1 31 July 2003 WO 001 48172 ~ PCT/
smal | stand-off distances, a ridge at or near the ed y a
commonly known as edge-lift or ski junp, can cause damag€
device. The substrate should have a edge-lift height of |
with | ess than about Su preferred,

and | ess than about 34

about ~d a run-out
USs0Q/ 03644 At such
of gﬂé“@&%@?rate,
tot aread/wite
ess than about 8-,
especially

preferred, wh a edge-lift length 5 of |ess than about 83
| ess than about SOO-e especi 11y preferred. The storage

in a variety of systens, so aof which willenploy a restr

necessitating consideration of stiffnesdecay of thesubstr
read/ wite system whj ch enpl oys a c¢l anp, b, oother r
secure the stof gaé%er ﬁ@aﬁ’%ff@‘ﬁ%%s(&ﬁs E}Pé’gg“téﬁéﬁlo& MQER Alang-
stressl0 (at Iga@taH@nhB@gggmgact area of the restraining
nmecapi cal decay (bothbased upon tinme and/or tenperature).
medi a having ~n outer dianmeterof about 65 nmto about 13(
secured within a resaining device of aread/wite system
to be used have a preferred yied stress of about7,000 psi
a yield stress exceedi ng about 9,000 psipeciallyl5 prefer
of filled engineering plastic resins, higher yi ~ld streg
and yield stress exceedi ng about 10,000 pounds per sqre

arepreferred, with greater than about 1 S, 000 psi

i

O preferred, and
redi a can be used
li ni ng devi ce
ate. For a
rai ni ngdevice to
amggedathehead g
device) to avoid
For a storage

nm that will be
the plastic resins
or greater, with
red. In the case
ses areobt ai nabl e,
nch (psi)

especi ally preferred.

Some such disks are illustrated in Figures 25 to 27. Figure 5 illustrates a

di sk 200 having a polynmer surface 202, a filled or
central 20 portion 206 of a material conprising a higher
the lastic 202, such as a netal (e.g.) alumnum, glass,
netal -matrix conposite, a d alloys and conbi nati ons conpn
of the foregoing, and the liKke:
yield stress central portion 206 attar ed to a clanp 208.
27 illustrates yet another enbodi ment wh ein the pol yner
over a core 204' conposed of the sane material as the ent
For exanple, the core can be netal
of the core. over a 10 31 July 2003 Conventional substr
al um num and ceram c substr tes w thout a plastic overl ay
stiffness (e.qg.,
(GPa), and ceramic with a Young's nodul us o about 200 GP
that which has been achieved with plastic substrates. ~t
found that the danping coefficient of a material is im of
decreased stiffness of plastic substrates as conpared to
Consequent | y)
vi sco-elasti material properties of the substrate can be
danpi ng capabi ities. Vibration danping is achieved in a
exanpl e, by inserting an ppropriate 10 spring/ dashpot as:
vi bration source and an object to be vibrated. For effect
mat eri al shoul d absorb and/or dissipate the a rgy of vib
through the material as energy (e.g., heat energy) conve
of planar shearing or bul k conpression and expansi on of {
visco-elastic materials, such as plastic resins, there e
storagel5 nodul us and a | oss nodul us. Storage nodul us re
stifess and | ossnodul us represents viscous stiffness. Fo
having a sffness less thanalumnum it is preferred that
a mechani cal danpicoefficient(defined as the ratio of th
t he storage nodul us) of; greater thanabout 0.04 at a tenp
(about 24C), with greater than aout 0.0520 preferred) an
about ~0. 06 nore preferred. A nechani cal anpi ngcoeffici ent
about 0.10 at a tenperature of 75F is evenore preferred,
danpi ng coefficient of greater than about 0.15 at a tnpe
especially preferred. In addition, the danping propertie
may be opti ized such 25 that, for a frequency and tenpe
interest, the danping c fficient value does not drop bel

in order to mnimze effects of vibration ¢f the disk

hol | ow core 204g with a

yield stress than
ceram c,

ising at | east one

Figure 26 illustrates a di sk having a high

Meanwhi | e, Figure
25 is athin film
ral portion 206.

with a plastic film202 portion or all

ates, e.g.,
have a very high

alumnumwith a Y ~ung's nodul us of aboyt 70 gi gapascals

Q) ,

a |l evel above
was 5 unexpectedly
tant to offset the
alumnu ~ .

t he
adjusted to enable
general sense, for

senbl y between a

i ve danping, the
ation transmtted
' d as a result
he material. For

istsoth a

br esents el astic

a storage nedia
t he substrate have

b | 0ss nodul us over
brature of 75F
] greater than

of greater 't han

and a nechani ca

ature of 75F i s

5 of the materi al

ature range of

bw t he desired

val ue. In sonme enbodiments) the to erature range of inte
range for applicability of the danpenind”ﬁs a out 75F (2
to about |50F (65.5C) and about 400 Hz pre rred, with 11

rest and frequency
nC) and about 2 Hz




V10 00/48172 about 32F (0C) and about 2 Hz to about 200F (93.3C) and
preferred. Figures 5 and 7 represent the relationship batweﬁ}]@(' G
sinusoidal vibration |oad for various naterial propertig¢s a re 6
shows that the danping coefficient does not effect the fir: while Figure 7
shows the effects of axial displacenent on the first 31}jJuly 2003

PCT/ US00/ 03644 t 500 Hz nore lacenent for a 1 geonetrieg. nodal frequency
nodal frequency. Mechanical |nput Properties for 130 nm|{ABA Co-1njted

Di skStructu reMateri al Storage Modul us (psi) Danpi ng Coeff]i ci ent Poi sso
Rati'sS. G Ski nNeat Resi n3. 15E+050. 0330. 38l
. 2001. 25E+060. 0400. 371. 3151. 25E+C60. 0600. 371. 320Cor eFi | l{ed

Syst enil. 25E+060. 0800. 371 , 3251. 25E+060. 1000. 371. 330 ilng,.. al so referred
to as danpeni h‘é‘,m‘gﬁrnaB@M?’%@é&sp{aﬁﬂﬁwtén‘gﬁrrq‘é‘t‘at‘BP die oy onths as by

addi tion of appRRed Bhadtia ddal AfcRNPRARER ihczlp%l@'égﬁfgn'nhiﬂ%ﬁﬁﬁrbﬁm&gﬁ
i nvol ving various fillers and reinforcing agents. efurmat eri al s t hat may

i mprove the difpraldpnetharThe maximym radial {i¢ prdtangential tilt argindependengy ebpunigh

danpi ngcapabi |jiti.e , i effici : bout
0-08) o asvel EuhPrEgablyincndie Bk At 3 L ich oMo hroREER 4s hisBolt
but adi ene 5 ub0.3° edchohedsyreéd et nektingrseate (hel, pattspimninglubber s,
i sobut yl ene-i soprene copol yners and i syanate rubber,15 nitril e rubbers,
chl oroprene rubber chl orosul f.onat ed pol vet hyl ene, ol.ysul

f1 uorine rubber, bf‘%?éﬁ?sé% &F‘%%‘Pélgﬁeﬂt?r‘ﬁaﬁﬁ ol S ABvctartRi
pol yst yr en- poinyludiapy tein acdiniteyi na niee diskcdizeasquirements (iankriand dgté.radigedit No.

4,987) 194 (whichi incorporatedherein by reference), .the |l astjc

el astomeric C%P?Sé)’ us Stffﬁﬁ Fﬂﬁ%l’ﬂ‘ﬂ#’g‘fﬁﬁ‘ﬁ&?s"{;& °‘389ﬁf5‘5 T%%T“fdé’

conbi nati ons GEIEMrage mludis, dnd@sinbiadkond thekddf aldstRG NI APthe ARRNGuRarmdiveg
materials_also include resins in which. lar mount s .of .b ferrites, netals,
cerani cs Hhd PREaES RS E,““ﬁ?’ﬁRé%enlegh‘&fjﬁﬁ%g‘Slb?‘%ﬁéﬁw?k f‘r'idzwk’fé't‘ NSPRAIPRr s (such
as zinc oxi dealsoNabrleasss,and hethe 8igk thidknédsldedreaseqit@sechodal Kinpssafabreext Ur €S
conprising at | east one of the f ore%oi , can, b Mcrofabers, fibrils,
nanot ubes, anWhilgHfsaxEl displaceieRyingrrapeiaursnty, thedimentions offesomesar i ous
combi nati ons ﬁédi&ﬁh%sfw&'ii%@yﬁ& induibtri @slédabR Ahdiuse & predenidy AhBaHI stofagslUCi N
axi al displacenent t| danping materials in the substrate] axial

di spl acement BeHa Frading/diting dxiess o L PREARERHBi B S orasRrd? PiFIbRS pBSt 1 ai ni ng
devi ce, of5 claaRidieneterlof Bp B BG4S limddiGs Bk} 4idUR cfer YiamERr & BSbi C
materiais to the clanp clanp and substrate effectively reduces axial -

di spl acenment #9Put 138 rym R grealgnwitk ap fpnegdiametes ¢f ghoutl f @ tpbppt A9 mmgnd e

enmbodi ment ,  t fgourdr dilde®t bAboIEIhA 1P bEfue 1 3inih fRaMEIlPefinFRIdNThE Rk4li Ci ent

hi gher than 15 coefficient of the disk substrate, and a nodul us of

el asticity hitickeess typically speipesds ahout @8 mm toabays Py man, yith d(thicknessiupyio gr eat er

t han about ZOde&_tlezhﬁi@Efcmgtpr_sﬁ&ed.rm&y&mﬁa&sd@mncmesséa@ pgberistics of the
clan materials with high danping capabilities, such as vyl cani zed rubbe

si | i cone #ubbEprioyed i@ Wéﬂ?r&)“ﬁl Sfcitest¥8put vl ene rubbers,| pol yet her

In addition to axial displacement, stiffness affects the fundamehtal frequencies
for vibration of the substrate. It has been determined that the occurrence of the

fundamental modal frequency can be adjusted based upon several factprs, including

material properties, e.g., the flexural modulus, thickness, and/or the spkcific gravity
25  (S.G.)/density of the substrate or design architecture, e.g. internal/extegnal stiffeners.
(See Figure 4) Since the modal frequencies define the frequency at wihich the
substrate naturally resonates, displacing the disk out of plane, it is prefgrred to have |
the substrate’s first modal frequency outside of the storage media’s nogmal operating

frequency. Normal operating frequencies are typically about 20 Hz to pbout S00 Hz,




20 i sobutyl ene-i soprene copol ynmers and i socyanate rubber| nitrite rub
rubbers, chlorosul fonated pol yet hyl ene, pol ysul fide rubbers and fl ~ bl ock

" copol yners including polystyrene-polyi soprene copol yners| in Y By 2A0%nt  No.
4,987,194, thernoplastic elastoneric materials, polyurethanes, and

conbi nati ons thereof, anong others. Foanmed c 25 structures can al so be
useful. OQher factors which effect the stability and lifle of the _-
di mensional stabilities and hygrothermal properties. A substrate ~ noisture
di rensional stabilities at tenperatures within the storage tenperature
range of the storage nedia should be enployed with t. 31} July 2003

PCT/ US00/ 03644 Vi bration rticles (such as and the like),{and fibers, and

t he enpl oyed. nhed structur t he use_.of by utjlizing a jture, that holds
bet ween the K_%B‘r%%ar‘gﬁhjﬁ"ﬁggfzi aé‘ﬂ‘-"&j&‘ﬁ%foi’ié“tﬁ'éﬁﬂ?l}?@tlwh%?’ésaﬂ%ﬂ&éh%si . Useful
i ncl ude el ast isgbstafeprdferablyPoaesses 4 BEA sodulia/den@ity FhRRHRPSE thé it mbdfier, ~ch
as descri bed el uding honeyconb nedia relate to h thernmal d

. X and - -~
operating rmaiftegpRRcy gutsidepf o starpgy medin’s pReptingiseauerey; BSabe\adesuionpi st ur e
stabi | ities alpdeepanisp@perbs @088 Forttfi thhablbeldw) HRAHis PG bnsHB4E)
typically acceptable, stabilities within tenperatures off about -12 ( 10F)
to about 80C (lexmmpdmedulysand specificpavityilensity gready affects the desprpdsubstiates of abo t
-16C (3F) to <S5 j : ! t ried envi
nments in whi ﬁ%mtxhgﬁgsgﬁ égg‘%“ 'dlplg?ér?;&y%}é&gﬁﬁp%g%ﬁido%%%gﬁ@ Ctlei\g’glli)!st or age
medi a ef er abl yhdwddbe lowl Typigallys the fttixutabmpidulvs shewlp e abawt 25¢hewsamt paundn about
60C (140F), w : (4 = ha teristics
preferably qué{%q?%@%n%ﬂé%é@ﬁ&r %?ﬁgh ‘\ﬁﬁlgtﬂ?%ﬁ llcaE{n{s) p %sn(glz%%ﬁggg%f?ﬁro#@%%rr bonat e
resin; and ( 3prefiord, dbpgt WiOtkpsimr greafre moreggefened atdaflexurs mpdbles oftbeudoes not

significangly nge sh - . 10 Preferabl t he
substrat e'qé m%‘lg(gﬁﬂ’g e %‘t?egﬁfpe\g/%ﬁ E‘géfﬁl?%gg%ly?\g%eo%ﬁ%g gr.aﬁ’f% b regéﬁ?lyi brium

wi th | ess t haabaiodStor BsS%Withta spegifit pavityof aboutd . Joordéss mobre pftrredsad hhan about
0.3% at equilibrium especi al referred.. under test conflitio s of 80C at
8S%rel ative ﬁ%ﬂfgigf?lltgfofg?ouh)(@é%sss. eslpgm%nry LFFS addr ess|the above design
i ssues, this substrate ¢ n be honbgenous 1 S or non-hono
have numerous geonss withshe akind displacegent due toulpssmadltseand-@ff di

or more. oavi ¢ Pitinf Sebels R o QiR ot A TENGSe
t hese Fi guf es)hmlttki}adgahigbyumﬁicctqhd,its;,lnastcnﬁtlgimtanarbeoftédsto hde imgdie mbkeyi Ng one
O e, hol e i (B BBl ERmad it ARCARRIE e Mo £,

ei t her by ont déviderrg stiifiee ofithe siogage wedhal mdith enablelrscurate datodédpgitand | 1 zi ng a
coating over i r 1a. e data
will be st ore%%cfapéﬁ?%,glyéﬁg%)@“gt%g% a’(;zl:eg%titl 5ol .0? ﬁgsﬁg ?’f%’gﬁ%‘g&r%gsed upon
t a abovenent i amfade hoghngss (R{) remeasureddy atmrafiires, micwhenpy) offjess thakiagoute 17,

t hecavi ti ' g%qﬁ r e rate such
that the g@n'??%)a‘gﬁeét?%#’gf‘%éE%Beg%?%fvﬁa[?g\f\ﬁééﬁgsﬁgfyl e agleaggl'f}tel Kt %n%t %Ehub of the
nedi a r ead/ w prefeyabyewith h amghivsseidessuhamabeitd As t(Reughnéss whiyficaltynm out er

genous, and _can
tangegdngdoyed whi ch

.o’ﬁfs?é S,Q’f’%éaY or one

UStrated in

i ph f th d d [ . ial L .. As b
Caen’in B gur BbReg®E GBI ABMIRCRRRY TR BBl BB Goomert r o

(l'i near, cur vehichtsappieally anawerageeof aclommabyclonmaive, cahdbe up to gbout 100 A,
with up to about 10 A preferred, and up to about 5 A especially prefefred. With
25  respect to the flatness (also known as “run-out”), a substantially flat Jubstrate
essentially free of ridges or valleys, is especially preferred. A run-ou of up to about
100u can be employed, with a run-out of up to about 10 preferred, 4nd a run-out up
to about 5 especially preferred. (Flatness is typically an average of the area of the

entire disk.)
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31 July 2003 concavo-concave, convexo-convex, and the like), sizes (w dth)
and | ocations throughout the substrate (intermttent, fﬁomt3 g ﬁgter
dianeter) or any |ocation therebetween), and can be The non3f Wég
substrate WAWOBBTE plastic with a filler 5 reinfor cerrent oPCTHSYQ36440r May
be a conposite material, or conbs (see Figures 8 to 27). As is shown in the
;~arious drawi ngs and as greater detail) the material geonetry, |ocation)
and size of the insertlcorelreinforcenment can be adj usted to address the

fosi 10 Stif7ening o PRRhpdRat o BREEL RuBP it ol FOBRER: b el

inserts) bott orpméfonyfkne®h adkige-Yhor sifij e caDEaust dadeilge Qnﬂé red@/wﬂwuewce
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h. 15 reinforceggpts, Paémqomnesmnﬁm§ 9% Iy r@#ehe 7h @Lﬁ' gdf the s
the majority of the lastic Is mere sSpos npear esur ce o the
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a thickness up to about 2.5 mm wth a thickness of about 2.0 nm preferred,
and about 0.8 mm t ogbgut, émzdxmn%araeequawvynewas%gesnk lsisjE bAL RS whihe thin
plastic filmcan be di sposed on one or sides netal,] ceramc, glass, or
the like). Typicowldyy restypindngtdegice n¢cmshamgr¢gnseﬂem®mof giffneskderayss thean be

e S e R S S S i R

rei nforcenent) dletnSe paecued thy stamge madia,gleosubitrage shbultihave a sufficient yield stress

core/insert/reinforce can aI 0 be adj us i nt, agdr ess v |ous of
Che- desi gn Pact@HEst pdteohar grop gt e g ng deyjosy o s\pime i demydath
geonetries, re?olaeatuguleimse and/St tathiRrandt). Fdr b BoRkORSEia ANInE RIGté Mantebdr Ckness,
tapering on one or both sides, convex or concave sjides, pr conbinations
conprising at (o€ akqut BHBITLP 2peiis 13 Qmay irhyill be seveedawuithin e yeskriningdevice ofg t he
:sting or sepangfdvritc Ysfom, He r{)@afsb@fesmé fo%%sédhﬁ(@?f;re?@xteg%e £dnRW dfbdugn
erlterla such ~s) hub designs e, fteners) partial ng at least one
of ve a bstraté@@@hl qriwtateub«smraanéd st@ssge)c)ce@mgabomtmoﬁm shpegtally 75 mmto
about erred, Qr g f Jrogenous,
o117 as 1 ho Phanude 1 18 BB e Aymeleg (NSRS R BB USSR e Bor 15
31 July 2003 Acl;bmaiabtegaddty&lcgmsmﬁxbgedm’g abhe 16,006pcuatiepee sqipteiacsi) pal a of
inertia of the sumstratg when atllggj and conbrol of .t he nodal harnonics
t hereof . For ePEHPTE: Wi gfcﬁtﬁ%th?ﬂ)‘ﬂ’&l“ 0B LS eenesially BEaferisd: dbt ai ned and

avoi ded, based upon sectional variations in densit 5 andfor radi al

t hi ckness. As st at eQombewh diskbare filefreed i@adighesi2gno 23 Bighre RS tillusnated a resonance

momant | 2onses, Gratb phioes e suacs A & R opRaledcored Bl AN R s

: h A £3RTR a h|ch
t he st or age20Anglohfh 20881 ematefial 3kEIpishsy A Mgiglien ieldirebar ke H@stic@oR tsaéi & f ot he
storage nediais addressing.its use, such as its_ operating

rotatiqnal speed
whi ch efcts t he BHRdeS ALTINAD asHLeamic MeRpkmary comprEte Ak

aysand

Convent i onal | y,co{mmaa&s%a rishieOfl feal¥REL 87 a2 RGB! AldhefkeFi d,gamc@@st ant
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these criteria , e.g., nomet of inertia and20 density, etjg, of increased
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In theory, any plastic that exhibits appropriate propert
enpl oyed as the substrate, core) and/or coating. However,
shoul d be capabl e of wi thstanding the subsequent process
(e.qg., application f subsequent |ayers) such as sputteri
tenperatures up to and exceedi ng abou 200C 25 (typically
about 300C) for magnetic nedia, and t nperatures of abou
(about 25C) up to about 150C for magneto optic nedia).
desirable for the plastic to have sufficient thernmal sta
deformati on during the deposition steps. For nagnetic ne
pl astics include thernoplastics with glass transition te
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(1ncl udi ngsGbaiRank s sk ffbahid. SI¥A Qﬁsea\ﬁ&sergpre%&%wsﬁ@{zgfhessaaﬂd 1&%
pol yet her pol yet her sul one pol yphenyl ene su des pol yet her
et her ket onesmod%!s reRsgients Vlsp@lsygff%sénﬁ% a(Stqmglemdwdlavmmas @hsé)gewamed :
pol yst yr enes) 0 , !
styrene-co- acarhﬁ?ﬁggflnfﬁﬁ%%@n&fﬁgﬁ%@%%k%&%&?%ﬂaé&ﬁaﬂﬁﬁl C%gtheu y 2003
PCT/ u500103644ef§mih&ﬂ@trﬁ@rqtéhedﬁ@snodyl%ﬁéerélaqqséqrage rgqxhlélzfr efjgteaterithasn
e I e oA A0S TPEYRL 008 TR U it BRR1 | cL T O
condi ti ons to ratl ons may require,vantageous t mer,| copol ymer, furs.
To this eid, p@@fer(redn amugmtmharwbuttﬂ Qfrmork preffigried. |Aane¢hempzd pimgs ited to,
anor phous, chI 0, n est tere | at e,
pol ysul f ones |§{é‘|‘f1°nif3ng§a g’égagq#ﬂéagf( o Erg%rﬁ?ﬁst ed e?'%”mpret ei%ke) 17

31 July 2003 and a mechanical damping coefficient of greater than about 0.15 at a
75°F is especially preferred.

temperature of

In addition, the damping properties of the material may be optiinized such

25

does not drop below the desired value. In some embodiments, the te

of interest and frequency range for applicability of the dampening is at

(24°C) and about 2 Hz to about 150°F (65.5°C) and about 400 Hz pref]

11

that, for a frequency and temperature range of interest, the damping coefficient value

erature range
yout 75°F

erred, with




10 15 20 25 30 pol ybut adi ene, pol yacryl ates (i ncl udi ng, but not limted to)
pol yny nethyl nethacrylate pol yi m de copol yners, and the q) Dﬂﬂj o4acr
pol yacet al s carbonates) pol yphenyl ene et hers (|nclud|n ﬁH derived
from 2, 6 ‘ﬁ?ﬂ} 2phenol and copolyners with 2,3,6-Crine 9500/03644

et hyl ene-vi nyl acetate copol yners, polyvinyl acetate I|qU|d ~

et hyl ene-tetrafl uoroet hyl ene copol yner, aromatic pol yestiers, poly

pol yvi nyl i dene fluoride) polyvinylidene chloride, Teflons, as well resins
such as epoxy) ic§oc &AM ol 1 cone)

bi s- nalelntdesaﬁgggﬁgée 32%%%%%u%ﬁ% ﬁ%ﬁtéﬁfﬂﬁ%%é&kﬁ%@%te (P$;m§#ends,

copol ynmers, ni ptetorred, reaction products and conposites gne of the

f or egoi ng. FiIIer/reinforcenent/core materials can be any material plastic
and the ultimate e &h [ an be
secured within or twt)lglﬁ Epgrg ”e eﬁ??ﬁ%}ﬁgmf q?%i aswactercr)lerﬁ)rfg ulge t he
desired surfacG sttnmsd1datly/ahratnohlh®dafmaarlods mlatrial sttopasra@emdﬁm feomadids.t | onal
desired nec cal ren t he substrate i bl f_ijncl . glass (such
0 s Trcar - ok edies S Batine Ghrtorse Soel el S reseRSthatech PredE! BeisR " ot al <
(such as al um AR Fttgtu@n §Ho@@ khe dpfedth biukial displhcefRhf dnORS firsOfnb&d Fre@iafley.

conbi nati ons and al l oys conprising at | east on foregoing), organic and

i norganic naterlaIs,_4zu4un4:;44%{*-4&4;_J¢2_LheLnDE cs.—tLhey noset s,
rubbers, anong ot Her@e%'céb’rw&%?f%"‘eéé‘ﬁﬂﬁﬂ&tmw jepted Riskat | | east one

of these naterials—nggt m &o  ons of the
core. These materilal s ca: Ies ras %

her hol | ow
fillers) fibers (llong, dCo&ﬁcwﬁt neﬁhuc hon- woven,
prefornms, ins othgrs an mrising at] | eas t he
foregoi ng, of geonetries. Fijgures 33 tjo 35 ew of the
possi| geonetries MEGH Y REa ke TEBI E TarTap osPNPII SpAGR a (1hay 1€ 0., less
coating or thick (le.qg.){greater |than about 50 ~) cqgating]ovier the core
met al , netal natrgx conposi tes, ahdSEdeon c@ﬂ@k arle 093 cal 1.915pf efe ate,
lonitrile, limteq to, those | phefg &R [“ stah—pptyferss—=3 f | uori de,
t hernosetti ng one,| m neral fl||éd1?2%T%%, ﬁgggltl nygi‘ L%ﬂhtth t he be
enpl oyed, n be codtedreoyerpilisthi ¢h1pspvwedes mabsy 1 alls 0.37dw desssify ni um
netal of the 3, etlc.) Ioys and gent materfials be in the formof |hort, rts,
pl ates, disks, varfious $ i 2¥Mnd core/ i nslert pan ahout 50 w) ' npert.
d ass, red for sone 18 31 Julﬂ 4}2!59_,,%0 ||vgtﬂ)6)n§vm§. geseTey_si}dej
tenperatures may e a factor) dye to th rleduced ther flecay of| stiffness
in substrates containing these naterials. The amount of filler &nployed is
dependent upon the desire substrate nechanical properties and the fillers

effects on the sub SIB&R]SigE,I alsg‘%fg@rm 15 3 da%lrge];tﬁg,ecan be achieved thjough a variety of

approaches such as by addition of an energy absorbing component

r through slip

10 mechanisms involving various fillers and reinforcing agents. Usefu} materials that
may improve the damping characteristics include elastic materials with high damping
capabilities (e.g., a damping coefficient of greater than about 0.05), fuch as
vulcanized rubbers, acrylic rubbers, silicone rubbers, butadiene rubers, isobutylene
rubbers, polyether rubbers, isobutylene-isoprene copolymers and isdcyanate rubber,

15  nitrile rubbers, chloroprene rubbers, chlorosulfonated polyethylene, polysulfide
rubbers and fluorine rubber, block copolymers including polystyren?-polyisoprene
copolymers such as described in U.S. Patent No. 4,987,194 (which i incorporated

1

herein by reference), thermoplastic elastomeric materials, including polyurethanes,

12




t 5 quality) and inertial factors. The filler (particleg, cavity, bubbles,

C ~e) inserts, etc.) can occupy up to as nuch as 99. 9%/lor nore of the

volume (vol% ~ the substrate) with about 5 vol %to about 503\/61|¥/3Q5Q§:up| ed

by the fil We&00M81'@ co non, and about 85 vol %to about 99 vBFIABWM4ed by

the filler preferred in sone ternate enbodi nents. 10 Nurmerous nethods can

be enpl oyed to produce the storageedia includinginjectidgn nolding) foam ng

processes, sputtering, plasna vapor depsition) vacuundeposition)

el ectrodeposi ti trusion coatin spi ating, ..

meni scuscoat i ng?“rac?glfn n ?‘gﬁﬁ?’ﬂ@““&%%&%Pﬁf’g&tﬁ‘i@f%@gg ﬁBﬁ’P% f%ﬁrj Q?‘ir%{(’ﬂfi ng,

| am ating, rot adanipighhitgniald D ifd1ede regrsdh Mgich Cadgd amcﬁﬁtslopm@yse(gucmk di ng of

film mcocell uI ar 15 nol di ng,, as wel| as other technique and._conbi nati ons
“&u‘?@l APy ed

conpri si ngl east feBHe: B‘Ptaish"é’f*’@?‘@g"@fjﬁb’fllkp}’ Brkss yFR/as i dale, é‘E

enabl es in situ,peoEbesth ot BES HRE! bRl MRY] Bfboh ABerd G mréuﬁcfmse
features) (e.g., servo-patterninguch as pits andgrooves)| bit patterning,
edge features, an@umlmscmmg?ﬂe@t@@@the forsgaingy warplsy emphajedhe | i ke), Ra)
etc.). Addi tionghl g th D B0l s LRIPEE chdhed Ehholel ol B2t . 20
One possible pro ¥rp sston {echnl gue
where a nold |Smﬁyzilkcebzb memxmsarmhbmopibamnom offﬁlaéoragﬁncg py contain preform
inserts, fillers, etc. The plastic is cooled and, while ptill in an at

| east artlally m)lt S s ace

feat ur es (e g.. pi tgg aéélf%netb 093{@5% o?ergdutuf?l,g agBrr{)dO acteggnt §lg;hqﬂe \?SF E

arranged i n spi dmlpmgmwmls“mche(mbmahemabldispllatemtenmn baﬁed il by iilikizinkes | red
esire The
m?f‘r“e’n‘g %‘8? dSc data

ortions) of.the, substrate, i hot h si des

Pobst racs Lot ManlaD sy i B Rt Ol fe e Sihites
b%%gﬁ{}@te Thi s
DO/ 481 72 onto the

storage on a suiskibtRiAe. rm‘a@dmﬂbﬁds@raats{r@n&eﬁa‘l@@&hmw

information may be idn stored is often directly 19 [

surface (as in ¢lnBp exkwbgateetiepvelygpdugessxiddisplacsmeniof Srediskicampared 9edi um
whi ch has been glepgs gn%gmwlammﬁe édamv@%one eM’b?&ﬁB@tﬁtfﬁEv Pablasthsiltg dri ve) .
Due to the surface quality req~ systens, disks cgram c, glass
etc.) were coat materiglishould ﬁeﬁwlymamﬂ@plmeffh@nt pgier Qheetd@nmbz ain the

d d
adi onal 157 CPRTRRLeE 86 batl, EXPEAIIE BTV Rich BIARIORARS | o

onto the such fﬁaipl,prasa)'tlee,egg,,axpodlmls@felgslmmy/gsatem;;n dbeutd@'snabllsefulf or use as

such as a sector ically these geographic at or § 0 30
nmanoneters (nm B?T’Eﬂﬁ%gl'gw Wr(}('ﬁéllftd%?@g’ ﬁﬁatr% %Bﬁto(%% P RC 5‘%’69 &% 0di rent ,
a metal, glass, meRfi@lgiveth high dehpiag capdbilifdspsich 6s huidafizedvabbdps; astyRibbegd]

exhi bi ts bot h the desired nechani _abil.i o have surfﬁg f eatures

inprinted into $HEonS fbbgisPutatizae B'QB‘B%HOEW'BSF ybbess. paly Bbhni ques)
i ncl udi ng sppn EQ&&)‘lé}Qarlsdﬁ?énel&ao@rﬁ&%d@%@%ﬁ@@u%@ﬁﬂhﬂ@hb%%loﬁﬁﬁ&xﬁ' tion),

el ectrodeposition coatin spray coatin extrusion coating, e like,

and coml at Ieawb%ﬁéhbfosﬁllf@a‘leét’@'g@hﬂgﬂe sy sulfide bberg andyffaring abbesy epari ng a

solution of a p ke do $8dnGs hissEhdg (Where
a solvent can bél%%éog?gmﬁe m)nor%ﬁqysggéﬁgggﬁgsgg@t%egg%ﬁbg é) y %e délcsk to be
coated is rot at adl.8 Batenit Noet, 28794, tpﬂmpplamc@fasqomasdz metesds, gnchaimgi s di spensed
ne substrate. Alter the astlcs i S _deppsited

geonetry, al ong ?lﬁu n‘ﬁﬁ'ﬁé’rah%fﬁfﬁbd%qvns ﬁ"e’a? We?}grsf ﬁ:lé)a%l%cg hoﬁejﬁ Srggl sk is

t hen spun apsa swificfurssicanblss Bd8efu, via centrifugal forceg, spy 25 solution
across the surface of the disk. Finally, if applicable, fhe cured. In order

or ganos | ane or - anot AP BaRS TH R H0SSHE OO SR B YR o g,

of such phosphi digneqdibrRl stabilities and hygrothermal properties. A substrate wjth thermal and - -

7]

moisture dimensional stabilities at temperatures within the storage rmd operating
\
temperature range of the storage media should be employed with tlermal and
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ty. However, substrates do not even though iic | ocators} of up to about y
preferred. to which a properties and the aic |ayer can be d§qgjsb,tjé@?‘ (e.q.
meni scus ions conprising cursor (e.g., enployed, or one ter of
the a ringWOi®RE4813& | ocated. The d the plastic >ating is dr PEHUSHP3I644
optionally, an adhesion 20 CVO 00/ 48172 pronoter, can|be used. Possible
organosil anes include VM6~ 1 ; PCT/USUO 0~6 4 VM 652 cemmercially
avai l able from DuPont. If an adhesion pronoter is~ errpl oyed, it is
typically dissolved in sol vent, suc n .&0 binations
conpri sing at Irﬁ%{g{‘rec?f‘l’gﬁ‘é)‘?s 3 G S ﬁSO“‘ ;@{;Qi‘sp L?S’p?l b%?]t%gé%di s prior
to applying St camF'QS&e bfable Sadhilitled &Rhih RenRENARES TADAL TP 09FF tosddbiy coat ed
onto he disk, t astic coating is applied as describdd above. For
exanpl e, a pol y@t‘ﬁélr”nﬁ)d’éﬁf?rée@rﬁ‘ﬂs%@ﬁesﬁ“@ tegppieBigss of phed - 10663 °F) to
commer cial |y avghhaghe: bi s e&@g&fgfﬁd et 8 Ohriednl ?%%'ch o
y weijght (w )S. Arigid
substrate 10 (rtmmrpgqoutcgrmay beytrapdeyed or storedhdne) storede roddia grefepbiyomal (ly a

anmabut yr ol act one sol ve temresin
erlr e

Coi nner . and nail o BBt Eel e B BT 0 & Gl adBafincoi on

pronoter, such ssC 5relfdrredf(ZDcr%%xsméteﬂstx@srprMbﬁBI& el t n HerQBarh 160t er

cormermally avaHabIefromDng in wate is applie dlspensmg it

onto the spi nnithyhel-dtbesdmelcyroanpesesin ang (3) gaod hyﬁF%‘P%‘P‘ propergs Sk o

di stribute the RAMRSLBMHRPBEIDIREignifitknlly 8hatigOfapd, BiBhfa@ bo@RPWarp30 seconds. | f

an adhesion pronoter is enp can optionally be rinsed, such as with

met hanol , t1 r dteferebloxtbe subsirate s miotstiry eontent vasies legsrthanceboytlc@lémt dri ed, heat

dri ed) orthel | feq g?p i ethe

ri gid substrat eeIE1 ]ge‘?\]%%%qg%neg&t%lsa}s%}%gmso ut &Otﬁeﬁg&% dqarrm;tgquround t he

i nner di anet er abbuttOlsds atrethbnurbespwdtyqu;femkxhdegtearoeaémb paif 88t@atrgdt t o be

coated. The subst at.e 1. un,to uniformy spread the plpstic solution

across the subsSER ‘feeh""}“gp'rﬂ%ﬁ T4 H*¥ness of the filmis dependent upon

vari ous paraneters, e.g.,
In order to address the above design issues, this substrate cgn be homogenous

15  or non-homogenous, and can have numerous geometries. The honjogenous substrate
can be a plastic which is substantially solid or may contain a varyigg degree of
porosity or one or more cavities (see Figures 15, 16 17, and 33 to ¥5). Asis
illustrated in these Figures, the density of the substrate can be reduged by employing
one or more hollow cavities (holes, bubbles, ribs, passageways, weps, etc.) within the

20  substrate while maintaining a sufficiently smooth surface either by [containing the
cavities within the substrate or by utilizing a coating over the substfate in the area of

the storage media where the data will be stored.

The size, shape, and location of the cavities is based upon tlle above
mentioned design criteria. For example, referring to Figure 17, thefcavities may be
25 located near the outer diameter of the substrate such that the centra] area of the
substrate, which may be secured to the hub of the media read/write[system, has the
maximum Yield strength while the outer periphery of the substrate ras reduced
density and inertial issues. As can be seen in Figures 8 to 14, and 33 to 35, the cavit)‘l

can have various geometries (linear, curved, convex, concave, convexo-concave,

14




met hanol solution, .. The substrate is at a rate of abo h
substrate adhesion pronoter, or to the can be applied tg opﬁqo%'iédf%ﬁ""fl | m
The quantity of ation, the spin rate, the spin durationj plastic solution
solids content) and environ ental conditions (including]tenperature,

hum dity, atnosphere type (e.g. inert gas) and at nospherfic pressure). anong
ot hers. Although a thickness bel ow about 0.1 mcrops (~.|) can be attai ned,
the filmis preferably sufficiently thick to afford a pllanar urface over 21
Wb 00/ 48172 undesirable surface inperfections in the suljstrate and to all ow
31 July 2003 PCT/US00/ 03644 surface features (e.g., pitg, grooves, etc.) to
be placed onto the film Typ lcally, a_thickness of abodt 0.5 p or greater
i s general |y [SPRIA4PFRRFAVEACOTYEX0-EONVER7BY thedike). sizes (widkylength apdhsigbDbl e, up to
about 20 ~t prigd Gichfshs tlﬁ‘&%h@@c%’é s&s@t@(lﬁt@mﬁieawtfr&&me 1 &aﬁfn@tle}%tﬁe preferred
for storage nedia type applications. Determ nation of ~q final thickness
range will vawoyter diampter,or amyloeation deessbewtrenlepdrap be intgredngeating ot separaise

pl aced onto the fllmas wel |l as the surface inperfectigqns on the rigid
substrate that ne E%%@Xuﬁqﬂﬁtechﬂﬁ@a%ﬂﬁ& with>ffe cToRe SPdtherdur at i on
and rate, which rrust be suf | astic solution across [the substrate in
the desired arwinforceraent opiapeit, ba@eﬂb@ﬁcqremsw @aﬁeﬂ@:ll Qrdpm@l ationg theredfe pl astic
sol ution visco d o] Kn@% =M (0 endent

par anet er s. @Eéﬁ’xﬁfé?ﬁc&ﬁ)j\%?i@?gﬁ gng%t out dr f o%(ﬁé |%‘€1§pper
mnute (rpm ngrnuexed;taﬂ;thnmnai/\gqomegvda@@pn,tahémabﬁjm 1,500 rpmfor |ess

t han 15 preferr # bout 1.
preferred. For' gegfécr?p %&&%‘%}ﬁ{tc C@E%;d ﬁ%édagéa%g IQ'[‘H“‘;lﬁl |§'§ &gwngs%%nt ai ni ng
15 wt % U tem rasnmrcgnnmdmglcﬁ@@parate,anlutm mhgahdmldnesawd) des's,rhub deségnef 2, 000
rpm for urati of 2 ond he coall as _belen d| ersed across
t he subst tlgte "ifem%smlcg'f r’aranry lf“ﬁ%rnan R PteLy 1am<':19:nlgseg)s ' nitrogen,
for a suffici etrbttbemn/ﬁfsteh&-sgné Viapér aaditequiohal riedigry, eorctrips ffdiien‘s, marggur sor (i f

nece effective tpo obtain.the desired surface th p coated supstra
TheCcsi oy ¢ csmeisd bphded: SoantauRtefs & 5 fliRioss Yompring o bart cagel
the coate 25

del et eri ous eftheédrsgoiriz. t he surface features. For exanple

heatcd to greater than about 200C, with about 300C or grgater t) a rate of
up to about 10 de . 1) ~ deg/ mn
preferred, and a ?ﬁ ﬁlgg%@ggﬁ?% ho(%lggfd{&zgﬂpé%‘%shq&r@&c%ggvgat he substrate
has attai hgd tdifortementahht teampeeasubstantially all of tieivolusie o€ thefspstrate sudhf thati ent
period of ti Y i f ersethe ors
are chosen drsTElgonat] ?‘8}/ hﬂl tic 19H1eFe'?§/d1"§ﬁ§'o(§€ch ear{ﬂggl?t%a% E)I’ tthE ubs{ra?t A nut es
m nut es especaeﬂnh filnh.aBitthis esbbdxmbnn]thbammowmclsﬁnlrmeﬂtmmntb thens@dt,ratperl od of

time to nary) i i %vea § thxckglgsts%p(fggbota?lg %n?,%tht apthﬂlkltlespgfva%out 175 mm to about

2.0 mm preferred, and about 0.8 mm to about 1.2 mm especially preferred. As is

25 pl astic solution, the desired thickness, the vi5005|{y of the plastic

20  illustrated, the thin plastic film can be disposed on one or both sides pf the core (e.g.,
metal, ceramic, glass, or the like). Typically a plastic film having a thickness of

about 50p or less can be employed, with a thickness of about 20p or less preferred.

Regardless of whether the substrate is homogenous or non-hgmogenous,
contains hollow or filled cavities, or reinforcement, its geometry as Well as the
25  geometry of the corefinsert/reinforcement, can also be adjusted, interfhangeably, to
address various of the design factors. Referring to Figures 8 to 35, vqrious substrate
and core/insert geometries, respectively, include varied thickness and substantially
constant thickness, tapering on one or both sides, convex or concave pn one or both

sides, or combinations comprising at least one of the foregoing.

15




substrate can be preferred) at up to about 5 preferred. |Once that
tenperature ~, to polynerize 22 WO 00l 48172 the pol yngr precursor and is
then cooled. Typically a period of a enployed, with | ess t ha 998 s
preferred, and a rate of mnutes ¢ 31 July 2003 PCT/ USO§ 103644 > to several
hours is portions thereof especially preferred. A substdate prepared in
this manner, optional y with subsequent processing, canijbe used for data
storage applications, such as mag ' tic hard drives. 5 Alternatively, the
substrate (entire substrate or coating ont ~ a core) cqn be cured using

m crowave technol ogy, Preferably, a variable curing systtemis enployed. The
substrate enters the mcrowave a rate, power, bandw dth,| and central
frequency are adj URBﬁ‘:rG'tuTgQBe F&ﬁne‘&‘:&%bﬂfe@@ﬁsuﬁ@%n&ﬂl&r&éﬁ?ﬁﬁ@at' B LEME mbRlent heat s

t he pol yner w t hout ‘sul he core, if desired. Qher gossible curing

t echni ques i nef gsiagg Fh@gubﬁtftareameﬁlf@@tmg, angraentpli of therraodak emnéﬂﬁgl °r tei at i ve

heat I I
' phySi cal - ani Ry UPRPE For RalpENabt R ap i A6l IR AT ° ' °

i ke, which is heat Lidver neate t han de second),
I nductive ﬁeafl? ‘ig]gtgc W h %’tatgng ﬁei‘?r m(}ges q?a z’@%%? YI%t% ons
conprising at ﬁmmﬂalomnmfce tflequenoy ausi;lmfahe frequandylraidedorjolgiviethe wiotageg

t echni ques, ot hglr be, enpl oyed to facilitate the curijng process, to
renove sol vermf %E% &t he quality of the product. Poslsi bl e additi onal
processi ng enpl oying a vacuum using stripping agents (€ g., inert gasses,

azeotropes) and thAnd»thérex)anneirqfiadgea'gxgnha;\gariaumHasigh(eriteu'm prjehret staragel media

mbi iyely, th
curing ti o chrope iR A dle bite IR MR e Bt U oove

gr ooves,
asperiti es0 ( ewdichldaaesn bammallreted@e Cem&mmrahyrelsﬂ)g mnst eectkh&diohd on the

f b { t b the plasti
g e e e T
are formed bysgeb®pdritb Bnoreadin@omitingnditavevttethe sfofige ssaR RIS bdStatal £ a

effecting

oI

varied speed where the speed increases during peak use periods whike decreasing
during normal use periods; or rotational speed can be varied in orderjto maintain
15  constant linear velocity-at different areas of the disk (e.g., inner vs. opter diameter).
Such operating criteria will both conserve energy and potentially renfler some design
criteria more important. Such criteria include, e.g., moment of inertif, modulus,
density, viscoelasticity, thickness, and/or diameter to name a few. Stprage media
devices that change speeds make many of these criteria , e.g., momendt of inertia and

20  density, etc. of increased importance as compared to constant speed devices.

In theory, any plastic that exhibits appropriate properties and ¢an be employed
as the substrate, core, and/or coating. However, the plastic should belcapable of
withstanding the subsequent processing parameters (e.g., application pf subsequent
layers) such as sputtering (i.e. temperatures up to and exceeding abou} 200°C

25  (typically up to or exceeding about 300°C) for magnetic media, and tdmperatures of
about room temperature (about 25°C) up to about 150°C for magnetojoptic media).
That is, it is desirable for the plastic to have sufficient thermal stability to prevent
deformation during the deposition steps. For magnetic media, approp}iate plastics

include thermoplastics with glass transition temperatures of at least 1%0°C can be

30  used, with greater than about 150°C preferred,
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;ht toinitiate a proximty to a hot ~I contact wwth a as a coil or the
ipid rate, such as |lio frequency), using nethods and/or jto tthds i.ncl ude:
vol atile SQJOV@WBE gods, as well as end the desired ~turespl\§1 003 | owi ng
et, etc.)) and, sﬁy (1 ncl udi ng, 31 July 2003 WO 00/ 48172 ~ 0/ 03644
but not limted to dry etch)) laser ablation through dirlect wite or ide
exposure with the use of photomasks, hot or cold stanping, enbossing, or

ot her techniques. Putting the surface features on the s[jbstrate by

enpl oyi nphot ol i {{ipgleARNMAAHRL00CCHRERIESRYI polybiledRies; POy EMEMBRbtones,

phot ol i t hography tecni que, such as thoseb5 whi ch enpl oy riéactive ion

et chi ng, pl asmapolyyifencarmohgihersulfimes, pplyethercbriswifangs, polyrhdgsieneetheryapors to
etch the pol ynmer coat | j gt Lct i e.g.,
nanoi nprint i tﬁ%g&g%h{/}?ghu}gg@%wgg%&égég?egpgyﬁ{héﬁag%%gg gg‘ gﬁg{%%gg‘g%evi ces
are useful; howewmperatucagearuhbin deut ZHED nfoce prefeaed) sshfat pafyethenphidsini ¢ film

depthwithin the surface feature ta.provide the. desired gl anarity of the
srface of th r?Vg’ic{ﬁi@ggﬁ%‘gﬁlﬁtoéf’xy%éaﬁgwglih?ib,ee%%&lgfeﬁSori P ?’g\[eg?qg "%ince

t he ?]ubs';ﬂr) ate iﬁn@’ig"dﬂ%ﬁ‘f s,ﬁ)si\ﬂatds(bogimiiaés, kmgﬁgmnﬁad:@emegi béwuepLasth }‘i I'm
on the enbossing surface. Not_o0 he |imte theory, due to the rheol ogy
of the plastic FEf@lerhMariEd SgH, Fomfridpeigy Chemisyscomhmationd Gemprsig# es be
enmbossed i nto t Reg shbstikdbReoiltand B@edesi red surf ce quajity can also 15 be
enbossed (e.g., desired snoot hness, roughness, m crowavipes , and
flatness). In a preferred enbodi nent, enbossed bit-patteyns. and/or
servo-patte s have aAemAlbGft ispastible o7 thammpssistp babscdsmhalpPlisaiamer abl y about
20 nm to abeyt Brolidkd e RichRosSi Rl QNG fictdlR o BRI it QraRiBireRBndifgHld 11
features that are not by the head device. Conversely, degper features or
features that 2permitfgramtiomef thexdesired surfaqerfepsres. afl arinesapplifatiens MAEQEEi ons.
Enbossi ng, can s i e ] l. A i y, a

uni que enbossi nggﬁe}%ﬁ%g{eﬁ%gﬁglg% tgeaﬁsﬁﬁ?ogl;%gg%fvhg‘[s}ge{t ‘hlgs:ie %ﬁ%@ﬁg tXF%asti c
surface, is enbadsweddingt the glss abnsitipnaempesdtonglofia prstivghtredpdiona, dopoipeerat ur e
that, in conjunction Wth the.to 25 suybstrate, is.capablg of 0ssi ng the
desired surface®f% %ﬁ%hPe%p‘S‘fC R tgﬁg%sfrfiglés.s t‘?ﬂﬂt'?fb({g@p? Wﬁer’lg)th‘P &% an be
at, above, 05 beblpmérbigndt, eilaneE aobd &s&fbell REU PGt A0, 5,932 0DgsRE. | f the
tenmpera' glass transition tenperature, it is preferred tphe mold tenperature
ately recogni ze@44Pl6UP% dean rempinyed in thepmgpastiontcf hesoatvgepiution thiinol d
perature of theglfRIdhAFhEDIGHE lﬁxﬁﬁﬁe,ké‘éct%gsw?arifalsl@%&'séﬂr&@ ibﬁténgneéﬁx%‘ée such
within about 3'0C 24 ~ 1 31 July 2003 WO 00[48172°1 PCI/ [US00/ 03644 of the
gl ass transiti offabewdP% @rabowB29°ke material, with a tenpera re within
about 15C preferred, and a tenperature w thin about 10C gspecially eferred;
with the nold bei ng gynhRiKEelathpfes bEPRATCR IndRuBe, BE R¥ndtNRYiRHAS ambipAds] t 1 ON
enperature of the material to be enbossed even nore prefég d.
especi al |y BP feppallinesndsemiemtallin thermoplgptis majeniplse frotyabiyyciHerideed to within
a few degrees b : : Lt : : "
materials, and gét)l%z{ave[ﬁ%r?}l}:r)‘g]ru gl'? g’rbtt‘alh\?\,itﬁ!t§i |t|ﬁ&)'gb ’ ?lgéazggﬁa gllrlftepJ ,1 u?%@g%?lg?vw thin
at | east about pa@Gthylergr dddrmated polyethyenshpalgpromtienci aidshe likg), pdbesteron t o
heati ng the nol the substrate is heated to ratureflqreater. than the
glass transitio m?'éﬁ%?’%‘ﬂ?ﬁ mijgd tf"rPé)leﬁgp'ger“F «gﬁmpﬁ"g‘g@ £ B%Lk%)u .Eierfﬁhéhaiaﬁebst rate
i fs 1g heat ed tﬁpbl&fycnmmrhahylgfmmﬂtahme aﬁd&?uiik@?pdlyhn‘fim' polysatfenes eEI icatio
of the geographi.c cators and/ or other surface featuresion the substrate.
Typi cal 'y, P < Bcyding but not fimitedd, Wigrogsmted nolysulbenss apg the 'Po‘gseat/‘f“é &ition

tenperature or b&s&hdr@hides, psly@hérisiifordRpBlybBdnylevb bl Slyethet Résnegbout 5C
common for anorphous ;
polyether ether ketones, ABS resins, polystyrenes (including, but fot limited to,

hydrogenated polystyrenes, syndiotactic and atactic polystyrenes, olycyclohexyl

ethylene, styrene-co-acrylonitrile, styrene-co-maleic anhydride, anfl the like), '
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Ohce the substrate has attained the desired tenperature, it ~s placed in
the 15 nold and pressure is applied. After placing the substrate in the rr
t hereof can be maintained, increased or decreased as necesséﬂfUM?003
replication and enable substrate release fromthe nold while of the surface
features. Typically in order to maintain the in featureg, the nol ded
substrate is cooled to below the glass tr 20 to renoval |[fromthe nold. By
preheating to and maintaining the nold at a tenp transit|ion tenperature of
the material) the tinme required for conventional enbossiing processes is
significantly di mnished, processing nunmerous substrateg. For exanple,

numer ous subs 25 tenperature above the glass transitionitenperature of the

material Meanwhile the nmold is heated to and maintainedjat a tenperature
transition tenprdyliadieae, prlygciylates4ingluding: s potdinited o, ipalymgdy lesithpcatiate.t he nol d

cool s the Ssz%léﬁi'ﬁnétﬂéé 1£t9-g5f}§?ifg|€l%§%'tiﬁﬁéf£,%najiééﬁiﬁé)?%ﬁf&aﬁhoniﬁ t he

tenperature r o opti'mz he I'ntegrity e surface ~
t enper at ur e prpadyactialsanelycabonitess poliphenylewd etbswhinabidingabutyrot imited tatthose to are

heated to a ~ be . S e = ate can
05 31 Sury SRR o AR BERARRES ey ferl B3 R UG
fromthe ndl d likedl ethyleneaityl saelaset copblymetsapadylvinyl atdtae, ighid.¢ryistal palymers,
necessary to hgﬁtl t he %,Pbst{ha{ eegndlthee rrgl .Ct 9 asgove E e hass transition
tenperat ure arfdX HEACTS UREEH YRR SRS RET TR B PS VB BT Bvi© b?yg UQler | ansiti on
t enper at ur e aspolpviylidemitluofide lpolyCinglident chioAde, Fefdan sisrvilltae elerhepesisg t ypi cal |y
take al bout 6 tqQ 12 hours to conpl.ete, il e the . above @npboss|n echni ques
can be acconplrchq??eﬁ?’ﬁ'uPlEQ‘.’ﬁ@?}Ey‘gx%cﬁ%Ftﬁf’ P%lﬁmaﬁ?% \iﬂﬁ WS‘RJ“E%E@E’S wi th
pol yet heri mi d-silfcohd, 8mnidsinief, ciangteasters, vk )and BerfzboytlghRshalr&in, inRHALESE and

heated to about 780F (41 ~C2 i.)n a furnace oven.q{@n enhossi ng. nol d havi ng

the desire® supplads cenplymess. mixres fgaction prodpciyand sompaiies pasertisinggtleasthe di sk
i s at tenperatgaedf e fhregdigaded into the nold and, while cooling (due to the
tenperature of the nol d% conpressed under a tine-pressurje profile to enboss
t he surface featur?ﬂ i/nt.ofthe S bstratelsurfbace. The le ,s% d .su@strate IS
then rempved from THEYFRFgreement/corepatenals can bg any matgra ‘-”‘ii‘ B OF slightly

above the gl asfastit aitbthé ulithate environment in which the storage media will be employed,

which can be secured within or to the plastic, or which the plastic can be coated over,
15  to produce the desired surface quality in the area of data storage, anl which provides

the additional desired mechanical strength to the substrate. Possibld materials

include: glass (such as silica, low melt glasses, etc.), foams and other low density
nium, metal
of the

20 foregoing), organic and inorganic materials, ceramics (e.g. SiC, Al{s, etc.)

materials, carbon, metals (such as aluminum, tin, steel, platinum, titg

matrices, others and combinations and alloys comprising at least ong

thermoplastics, thermosets, rubbers, among others and composites, 3lloys and

combinations comprising at least one of these materials, wherein di?erent materials

can be used in the multiple portions of the core. These materials cag be in the form of
particles, bubbles, microspheres or other hollow fillers, fibers (long,ishort,

25  continuous, chopped, etc.), mesh, woven, non-woven, preforms, insdrts, plates, disks,
others and combinations comprising at least one of the foregoing, offvarious sizes and
geometries. For example, Figures 33 to 35 show a few of the possibﬁ: core/insert
geometries with the polymeric material comprising a thin (e.g., less than about 50 p) *

coating or thick (e.g., greater than about 50 ) coating over the corefinsert. Glass,

30 metal, metal matrix composites, and carbon cores are typically prefefred for some
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\ |

tenperature and separately heating the substrate to grealEer than the gl ass
transition tenperature, the enbossing cycle tinme can be lrﬁf?' ég&;fders
of ~cnagni tude. Once the substrate has been coated with pply | orln~d
with the appropriate surface features, if desired various |ayers can then
be a~plied to the substrate through one or nore conventijpnal techniques,
e.g., sputtering, chem cal vapor deposition, plasnma-enhanced chem cal vapor
deposition, reactive sputtering, evaporation, and the Iii e. For exanple, in
sone cases, high area! d~nsity storage nedia m ght have pits and grooves on
the polyner substrate that ca~ be solely geographic locators; i.e. they are
not required to store data therein. ~fhe data is stored ! n data st or age

| ayer (s). Furth to age | avers y be
changed (rewri % Elécg’?&feas w}%egepee]%eﬁé e’nﬁll(ijreé ‘%%Qe %gg{O?d% °t reﬁig‘:%% rP"g‘m ties

t han convent i aeedy,ofistiffnesy incubstidten soritainiag thesecmatdrialks. k e layers applied
to the substrate nmay include one or nore~data storage Ia ers) (e.g.
magnetic, magneto t|c t r fi diele tr S Iayer(s),,

i nsul ating | ayer(s?ﬂe a3 nl(?ﬁg lll)l%r?gl F‘jl&gér;lgg¥§ealﬁ%¥%w1et%‘%dwfﬁ g’é

‘ % stor age
| ayers) may Z%echm@wﬁiopaﬁéﬁmﬂlha]ﬁneys 1208 oR @k suba e IBddpics purfase any
mat eri al

magnet | ByeAuats, sl Belaros e GaRels capis: fublparye Rt eea” '

are,
t hi ckness of u@gh bupPapio asmkhu\s 990% of MiofksTetwsvoliind @olah) Ak the?sﬁ&stxﬁfeef erred.
Possii~l e data stora%e | ayers inc buyt arsil?ﬁﬁgqﬁ limtg

dt oxI des (such
as silicone odfitiapoutyol% oé%?tt%t%qvéﬂ%r?ecupﬁdam mMeE <

fa@} 69datmﬂ&ke|
cobal t, chroniggRulg &HbBhtRvolh Bkdupidby iR lierPlefeaidd & ot Wffernheon, bor on,

ot hers, and all oys and conbi nati ons conprising at |east bne E of the
foregoing, or SQHP‘B"E?@ (e.g., cyanine or phthal ocyanine {yke dyes}, and

i norgani ¢ phase change conpounds (e, g., TeSeSn or |InAgSb), Preferably, the
data | ayenohas a cMametous ingthodls cah bk eaﬁlbyahetptodﬁcaﬁesmgsmeaia indlidinga
coerdivity of ,about 3,000 _10 oersted or greater especially, preferred, The
protective | afeion molding FO3gHER otesshy-sPHEATIg, Ripsmapper depdstsion; yaghum

contam nants, d mba\/@ec&oaépbgm@s,ﬁnﬁfon%aaigegplﬂdfoaﬁn a
10la with f a fﬁgckness of about 300 or |ess preferg}g%? sone enbodi nent .

In anot her enBRAYREtHA StAMRiRg. elRessgrfagsRQlishing fixtugipg, laraipating, gasici al | y

pref~rred. Theoldihg ket aa%m{g, tchGnjBetidh Esvel-MB1dirEy? Filh, thisdesitdr Y
determ ned at least in part, t ly_‘}l the type of read/wrlterrechanlsm
ehng

enpl oyed, 1§, gmoldingaewpk as ‘Zfbftrl Pesnﬁﬁrﬁ’é’f"ﬁméb‘mséom%%‘ﬁ Blleastngrbie ve

llayers i ncl udesragidg @Qéﬂe@ﬁl‘y\ﬂ% teaﬁ,ﬂiuhainﬁio mb@@nmtﬁ ioﬁ%fgle, silicon
nitrides and alum numnitrid anon ers), carbi es {e. silicon

carbi de and ofyhsirats havigg t&ége%’éa ﬂ’rfa"%?eﬂ“&"én(e@r 69("?1‘83%HH“§)H‘E§\'3§)P“S Al yeric

materials 20 {Robes), bﬁquauaﬁfnglsag@ﬁ:amesmbmwm@msa (egcsbpémripslmj(dl anond,
di anond-1i ke carbon, etc anmpng ot hers, and_conbi nati ong nprising at

| east one of theli&ek Buétor rﬁ?dltion Hethgicetesan ps formed iasity with %ﬁs‘éhsﬁatéften
enpl oyed as heat ¢ ntrollers, can typically have a thicky
exceedi ng2about 1, Gh&Ppossible pa@eéswmgﬁseah@uﬁecaenomolamm@s@lioﬁlt@aﬁlgué: | ayers

o s (o b Ve bl is et b omter aliic nd MR Cobin A PRTEEy | and

conbi nati ons meer| fiBér|@tcatThe pRStic i© 86olaf anid/@hileostil GOANG least 91119flﬁ'tﬁtén
materials conpatible within the enV| rognment and pref erablrgo,venot reactive

w~th the sur r SHACORPreSsEdP dmpriny the dogired gpe %?Efeft“res (e.g., pits, gfooves, edge

features, smoothness, and the like), arranged in spiral concentric or ofher orientation,

dafing,@Seniscay) about

25  onto the desired portion(s) of the substrate, i.e. one or both sides in the desired areas.

The substrate is then cooled to room temperature.
1

For optical or magnetic data storage on a substrate, informati?: stored is often

stored on the surface of the substrate. This information may be impripted directly
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31 Jul y 2003 PCT/ USO0/ 03644 The reflective |ayers) shou|d have a sufficient
thickness t reflect a sufficient anount of energy to engabl e3ql% io&?ri eval .
u
4

Typi cal |y R&@O({/&Hzecti ve |l ayers) can have a thickness ot B /aiksq 700k

wi th a thickness of about 300A to bout 600A generally piefen:ed. @’os& bl e
reflective layers include any materia capable of 5 refl ¢cting the

particul ar energy field, including netals (e.g., alum im silver, gold,
titanium and all oys and m xtures conprising at | east one of the fo egoing,
and others). Inaddhdduce (@s iR AT P! FGBrédA phsto- ofhSneGdatiyc | ayer(s),
protective |ayer s%mand reflective layer(s)) other layerg can be enpl oyed
such as | ubri dadpignbleagediumyydhichihaebesn depogitad|onfothe sustaae effsubsitatede.gf. | uor o
conmpounds, espeei h~rq. plLls.a : 1 ' i One
unexpected resul }W%CJP Xstt%eHzgla glrsgg%%rzfeg?%l% %egsgxﬁ?%g@alrm?g?@i ﬁﬁl&st% §§ ugi,l e.g.) an
al um num subst r ayssmswilisks (ancpl, asthine, gles) ¢ic. pwert acaed wal nicks phospbide &¥i@pht | on of

head sl ap perfor.mance .as m st.or age di a. . Conven iona al. umi num nmedi a are
Cypi cal Iy Cod 185 GRUSHAAAE Tep 5O RRET BBrHES STPRLUEHEP BBe {00l | Shi ng
alnd to poli sped psmf@geampgnn@a% lagéﬂdi\s pneeshgaahiti;éi_{aa_ﬂ 'esﬁrsﬂ’ﬁhags at{]mger

al um num surface ¢oating_and woul, e. expect tolimt |the head the
storage nedi a; ﬁ%&se%"y??fbt}lw@a%@mélmg’m %é@rq%@f"@i the @C%ﬁ%@t"ggédl y

exhi bi ted no obggimvefued, BigNpRHGIvEd nfa§ Bk SHMAE for 20 455 Hér&pHiélo@ﬁbﬂs,eVed to
depend sonewhat on the thickness of the pl films having |hi gher thickness
are expected t o st adgeatarmaphdopicallyibese geagraghic depgiory have gidentle pbym te@bout

enbodi nent, .the ' | U r i N ig film
preferably clt(())nt g?ﬁ?&ﬁﬁ%“&@%kﬁ’gﬁ ymegb&mva en%0 a?%&@é’% glaagﬁég&lr&eegi st ance
of the coated 25 not containing the plastic film Simlar head slap results
can be rigid substralnemesmbbdimentgd mstgl, glakraceranpint ariothea swhisfrate td which a
conventional e. . W | ¥ the |V . n

resi stance of ri%}laat‘%%és?th ché: ‘?%’%‘E%%@gg‘ggg‘éghefc??‘rrr%da%%%%ﬁl P {OE%F%%% thé
resi stance. a ofabiityctohbedsuffect feaness impsinsd bsd thatwerfaset Thopl)
medi a descri bed herein can be | oyed .in co nmagneto- opt |
Systems, as el (LRETEdbyATAIAY. o CEYUFES inciyddne SUEhORgE Sone
areal densitps. PlusmBenHaG&d chéifiicalvisud dbpoditibh)CeledtRAepdsitidg céd

VSO 00148172 31 July 2003 PCTJI 3S00/ 03644 . 1. .
coating, spray coating, extrusion coating, and the like, and combipations comprising

hetic lajleecantbor age
a and nagnetic

PESHRUSE and/ or
g meHigud s 28

at least one of the foregoing.

Spin coating comprises preparing a solution of a plastic precursor (e.g.,
monomer or oligomer) or the plastic itself (where a solvent can bg employed, or one
20  of the monomers can act as the solvent). The disk to be coated is pecured to a
rotatable surface and a portion of plastic solution is dispensed neaf the center of the
substrate. Alternately, a bead of the plastic solution is deposited i a ring like
geometry, along the inner boundary of disk where the coating is tq be located. The
disk is then spun at a sufficient rate to, via centrifugal forces, spre§d the plastic
25 solution across the surface of the disk. Finally, if applicable, the doating is dried and

cured.

In order to improve adhesion of the coating to the substratg, optionally, an

adhesion promoter, such as an organosilane or another conventionkl adhesion \
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di sposed in relation to a read/ wite device such that engergy (magnetic,

| ight, a conbination thereof or another) contacts the data storage |ayer,
in. the fokrypg pfssdfr energy field incident on the storage rre@'@ﬂ,gg%%g%?ergy
field contacts the |ayers) disposed on the storage nedida prior to (if ever)
contacting the substrate. The energy S field causes song physical or

chem cal change in the storage nedia so as to record the incidence of the
energy at that point on the layer. For exanple, ari incifjdent magnetic field
m ght change t herondtentaatbe asedoPoszbipetdnosithoesaineisdeW Mbdsn shdieM-b5/er, or an

incident |ight beam coul d cause a phase transformati on where the ~ight
heats the naterica?’mefﬁf‘%#@ya”gﬁlaﬁﬂ“é?” OBE é%?q Rah HfP’QﬁtF@Q{nP'ioﬁe‘Q“ 1s
nmagnet o- opti ¢ Sypdi@ny 4Ablvedah RsdlRhf, k8hak nfe@ARS]l wRSr, it ofh

birafiéhst he dat a
storage |ayers) 102 with a polarized |ight 110p§}_whi te lijght, laser |ight,
or ot her) i nci deampoHngdaast|oas ek thejoregaing eqnd deanplied fodeediskly®r takippbinged
bet ween the dat : I <)l S i ght
back thr oughqt hghe?é%g@ggag.r %g&f‘%%g‘r? ngg%,%}},tg ﬁg{sgkg‘tcé%tﬁ} (\)/r{et héi?%%’ t%ﬁ‘?ﬂgnd to
the read/ wite ZIBatohgvs appliddl dedvebad abbee. data is retrieved. |In another
enbodi ment, refernng to Figure 3, the read/wite device |[112 detects the
pol arity of magneti CrGORRhg, J fdyyefiEriflidtlesit QIAUE LIENRTre

| =246 {dgoe: data is
read). To wite data onto e st'orage ne , a magnetic "' Fé?%‘qos’i m~j osed
onto the data stcomagmidlgypenilaile HomlYE Plastics,6aidilssuivetian aiasolatf

nd2. The nagnetic
fieldi f t 20 [writ [ 112') th
P T e

the .lubrication

} dy Bpid e
form ng magnet i gme@npolpmen tlagnethticd), @hidhéroptibndlypoliihed, G pladea o AdothiaBle eby
defining digital data bits. The follow ng exal?rrpl es_are provjided to further
il lustrate th~ pPUceremmAR: i ek Rinachgrd hald Brmlece viagmeehanical dwicscope
thereof . 2S EXAWPL ERuRAAMR28hebion 2Bmotdd ludhihe/s APOR. 0%, QM HAVAZ6S1 (an
PCT/ US00103644 A substrate with outer dianeter of 130 and thi ckness of
1.2 mm was f or madhesien pofmater sempercislly pysitldle fresy IpuRonp) ireyyptewaethangt spdetion010
dbt ai ned from Gk ' ' W d ' ! -
condi tions knovaEs %ﬁﬁﬁ]y(g%pteﬁﬁé}gmg%$gé‘:gg@%rogg%t lr?gg?lgg%ﬁ% ‘ 'etr% s'%'t?aé? & was
| ess than 1015~ Ragn, paftrablyespfun tedistribdatheadliasioq pemeoteryvash afroaratd Jhabblat. At

this frequency, .t axi.al . di gpl ace about 0Q.889 nin .The henefits
corpared 1ot he 200 ihabdl I AESRET Blamdies R Gy amilhe B ISR o 5.
substrate w th dameftnglisbeafnsdd3fuchns it meihamol a6 tendovd exd¥hs

application of the plastic solution.

20 Once the rigid substrate has been prepared, plastic solutior] can be applied to

the substrate around the inner diameter of the area to be coated, while optionally
ibstantially

la film. The
25  plastic solution, the desired thickness, the viscosity of the plastic splution, the spin
mental conditions
(including temperature, humidity, atmosphere type (e.g. inert gas)| and atmospheric
pressure). among others. Although a thickness below about 0.1 mjcrons (i) can be

attained, the film is preferably sufficiently thick to afford a planar purface over '
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10 be produced by injection nolding of polycarbonate filled with 20~ wt %
carbon fiber. The material will exhibit a flexural nodulus 831‘1 1.6 qm I'1ion
psi, a nec i cal danping coefficient of 0.015, and specifi of
1.29 ¢l cc.&}%%“gl%r age nedia will denonstrate a maxi num axP&F 3?%‘8? cenment
of 0.32 mmduring vibrational excitation) and a first mpdal frequency of
302 Hz. 15 Exanple 3: A substrate Wth outer dianeter off 95 mm and

t hi ckness of f' 2 nmwas formed with a core of pol yphenyliene

et her/ pol ystryr : : j: QI E 9 i i s and a

ki of PPE PG {HGTERT by ean T Sidlatnenthde cRIATIO IERELLREE < ST

aver age di nen fsi fatsres (ﬁ-g.hleiTS?)grde»re;,@ftc.)]IGbaﬁlaqmdloamlgmhﬁbuBOT )3:; cﬁgﬁ aﬂbicluﬁ'smfet ?r )
were 20 signifigant smal | er. t han,convyent,i onal ..carbon_.fli bers. e surface
aroot hness of |t HEMLT LB Biea s SRR GOEREy VIS SRR P e s sbar of 2
conpared to thepgabraiy io@B&lt 26 apbadétrdd] 41@ab6 -0l Bebed 10iiskpecand the first
nodal frequency was about 425 Hz. At this frequency, the axial displacenent

was about 0.5 PfeTIhETBRRESMEdia SrRsaPRIaHst Ratepripgionaf 4 fipaddhpest i ve
Exanpl es #1) argngd @@lvary h faHHPIE désireBBepth NQn) Uaftfds 16 b&iHilceantdABe fim
substrate with outer didnmeter of 130 mm and thickness off 1.2 mm was forned
with a core of @oveltayithsasubiare imperéactiorsionghp neid yubardio hat iegd rcbeamaskedbyof  pur e
pol ycar bonat e u&lgﬁgnco-i nj ection nmolding with a thicknegs ratio of about 1
unit of core to 1 unit of skin under standard conditiong known in the art.
The surface 5 snoothness of the substrate was about 10 A Ra and the first
nmodal frequency was Hishuasp@1® spin dupgtion ridsrater whigle must, betshi@cigri taldispérsgghaicement
was about 1,27 . e i C .and _f engc hanged
W th change%@i nP t‘ég(gl\({)}gén {%osé%%r?%%?‘%eg? &gﬁ%t“ﬁgﬁ%?’itﬁegggig ,é?rgggtcgge e prior
art (Conpar at i veasékanfabersiindudingieg., egdstic sbutionaispbsity and ghlids beattangtand W t h

outer dianmeter of ;120 mmand.thickness of Q.9 mmis f ~ ut of

pol ycarbonate c fdeyiad ﬁ@)at’gégﬂﬁtl%séé"gb‘ﬂﬁrdFP%'g?‘?t PTRMGHEES; %’p caelij ’ gowéver’ the

pol y(styrene-i sgiu Qras greafithdn fowk PHMakyigions péaniie Bbinffarnpyslivodey (al |
based upon the total weight of the conposition) usi ng% i nj ection nolding

usi ng standard BHWES OF BRE Kb &rsatenthamaboyy 1, 500mpmipgless;thapygbagdal misduency i s

about 292 ' ' isal t) 4 8 1R69 NMm
The benefi {ES cgﬁrr%%?g‘?i aﬁggﬁﬁgﬂgﬁ %t%onglr’?@@(@n%grggtt?@ggge{' rﬁgﬁ&ﬁ%&gﬁﬁﬁﬁz) are

clear. Exanple prefemed ubetexammple. i ihthinkicetingicambe anplied usyg flastiaselutidni ckness of
2 mmis forned tyrolactone solvent,

i
i

containing 15 wt% Ultem® resin grade 1000 in anisole/gamma-b

and a spin rate of 2,000 rpm for a duration of 25 seconds.

Once the coating as been dispersed across the substrate, it fan be cured,

20  preferably in an inert atmosphere, such as nitrogen, for a sufficien} period of time to

remove the solvent and polymerize the polymer precursor (if necepsary) and at a rate
effective to obtain the desired surface quality. The coated substrafe can be raised to
the desired temperature at a rate such that the solvent removal doegn’t have
deleterious effects on the surface features. For example, the coatefl substrate can be
25  heatcd to greater than about 200°C, with about 300°C or greater typically preferred, at
a rate of up to about 10 degrees per minute (deg/min), with a rate §f up to about 5
deg/min preferred, and a rate of less than about 3 deg/min especially preferred. Once
the substrate has attained the desired temperature, it is maintained at that temperature

' Lo
for a sufficient period of time to remove the solvent and, if necessgry, to polymerize
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éO with a core of polycarbonate containing 30 wt % carbon fiber, 21 W%
pol y(styrene isoprene) vibration danpening filler, and 3.5 w %

pol y(styr -mal ef i ¢ anhydri de) and skin of pol ycarbonat Srop@(‘gm é%%% upon
t he total vaé?‘g%t‘%of t he conposition) using co injection I Sﬂpl r
standard conditions known in the art. The core conpriseg about 50% of the
t hi ckness of the disk. The surface snpot hness of'the substrate is 25 about
1.3 nmR, and the first nodal frequency is about 450 Hz.[ At this frequency,
the axial di splyacRigm: pf OMld i . y QA% 1 he
prior art (Conparati vepglé@rr%l%iglgtt:{lggc;bgmg;)ﬁgrggggbggﬁ éfBLﬁ)(l} u-~ %g]g;ugsllg WO
001 48172 Exanplempipyed, vath l¢ke than 200@'s PERMYSCOA @ 3Bl niingtedeft rozttoas thietebf out er

di aneter of 13 1 AN L ck f i.s formed.w ti core of

pol ycar bonat e g%%?}gﬁ% ﬁFgepr% I\QI\E'?Q%/(%T %5? %B%Cﬂpbdél?mgﬁ r’ggu%aﬁ, Rl Sl?bsequem

pol ystyrene-i sppicessig, ¢aalbt uirdSadiatapanagehppitcatiank, sueH glhagdétictHasl &tvsposi ti on)
and a skin of polycarbonate by injection nolding the filjled material in a
nol d that cqntains Lycarbopat ilm 0 r _bot.h sides of the nold. The
surface srmgthness %ﬁe‘%ﬁ“evegu gtS‘r?bas[raetel(eggé Sguﬁt%\ra oﬁ%a&ﬁg an ,etcﬂré?al“rbgt nodal
frequency is alot uihf)midzowaht tdchmadogdyr Pepfeaidy,,a vatishlafkéqmenginsiploaaeent i s
about U .20 mm The benefits écgng_gégg to the prior art onparati ve

Exanpl es #1 an@U#R8sysieR ixgmanipyedy FR'geniers Re DHERY PSRN eI B esrP

di aneter of 13QaETRoaef biddvidtNasS cehhrallfredueity b affEEREbr Wiel
pol ycar bonate containing 30 wt % carbon fiber in a nold that contains

pol ycar bonat e #Rqhhdsthegpisrogiavsslativdlybeatshe rohangspjithout palstantiplfy-éigcting

sl noot hness; yof ghstrate is about 1 nmR, and the fifst nodal frequency
i s about 3818 Hzt}?en%tré’tﬁﬁi?%{e% frequency, the axial displacgnent is about 0.40
mm The benefits conpared to the prior art (Conparative Exanple #1) are
clear. Exanple 9: AOhr pospibipepripgteghniayes smelugecising uitiAvidet gt to mitiate a

el ectrocheni calg g SYRWCTo Raly o ; 1B % GES] 3 DY
substrate. Subsc?éfjgﬁ. ,atcge(’)gr gpﬁipg%t]ﬁ%g’%?o?sﬂ%(spﬁ?se;ﬁ %lg ’ r)gﬂt}(l)r med i nto
the surface of sutfasepobntest heatingrisdmplild imphgsiqaband thentfors ttampgiregntadphithiaque. Thi s
substrate was supgrl.of to radi ti.on ym s~~ubsttate . arative
Beanpl o 52) i n Ppar ] o P Sk AR R RoL N Sa aRiniRh Bl SGRD ST o ¢

| ocat ors and oflikeroraldripmeh dsspiattz esthé bkeyetich rheatghatandenshpid gate, suchlxanpl e
10: |

greater than 10 degrees per second), inductive heating (e.g., with raflio frequency),

and the like, as well as combinations comprising at least one of the foregoing.

In conjunction with the above curing techniques, other procssing methods

may be employed to facilitate the curing process, to remove solvent] and/or to
20  improve the quality of the product. Possible additional processing fethods include:
employing a vacuum, using stripping agents (e.g., inert gasses, inerf volatile solvents,
azeotropes, and the like), drying agents, and other conventional metﬁ-lods, as well as

combinations comprising at least one of the foregoing.

Alternatively, the curing time can be based upon economies land the desired
25  surface features (pits, grooves, asperities (e.g. laser bumps), edge feI tures, and/or
smoothness) can be disposed on the surface subsequent to curing. | llowing
application, if applicable, the plastic film is cured (thermal, ultraviolet, etc.), and,
optionally, the desired surface features are formed by photolithograghy (including, \

|
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25 A thin layer of polyetherimde (Sp) was deposited by [spin boating a

pol ymer containing solution onto one side of an al um nu Sugﬁt te. . This
substrate was ' 32 WD 00/48172 31 July 2003 PCT/ US00/ 0364 B/&qoér to a
tradi ti onaWQAPUMIAIM substrate (Conparative Exanple #2) |i n RGEUSAO364# | nal
surface was snooth enough (less than 10 ~ R, and total surfade flatness

| ess than 8p) for use in magnetic data storage applicatipns, but the
substrate slid not have to undergo the plating and polishing steps used in
the preparation of chnventi onal tal or ceram ¢ substrates. Upon

deposi tion of abé‘bﬁ‘ltgg’tltéélt ﬁtél't‘}rngseﬂélflatl'cﬁvg’io,“g BBV O ades pPF Yitteat er
than 2,500 oer stiggluda@splfdhhlS ot oESGIRbRpiha, entbobdig) of @ &Qlechhiqgh@. yet heri m de
(5 p} was deposited by spin cdating a porymar contai ni ng| sol uti on onto one
side of a glass substrate. The final sur# ace had less than 10 10 .~ Ra and

total surface flat neggmf‘%g?_sk‘ ﬁfeéﬁ’fesﬂﬁél??sﬂg%?ibtyiem?lﬁf“ hgtplithogragly
magnetic data | a¥gbe actBaRRhéCwRIDETy oM ehNol ﬁﬂ%cﬁi“cho%%ﬂy i Gich L those—aS
achi eved. The coated substrate showed no damage after” a standard 800 G head
slap test. i SExawptheenipioy reactivé ionletehing, pldsmpoippieringy andfad diqpid shérpicadeposi t ed by

spin coat~ng a p r 0 { N .0 . i des of an
al um num bor on c%%%@ev a&‘?&ﬁf@ %ﬁhé;éo%%%#ﬁig's Bg%éﬁ?n%? gh()? hlﬁl?o%g%ﬁcsuperi or to
a traditional altetiniques) sgbsdndaripeinf IBhograrhat used tofprepapd @nta)prolre dabastorddee
material would have a sigpificantly higher specifi.c dutus. .lt ul.d be
superior to al urﬂ%ﬁ'ﬁ?‘ﬁaﬁeo Sgﬁ’ll’@QYVBYe&é%?SB‘gﬁeatf‘lé%?wem’bEI‘ETR%{C 82‘[5?‘?151‘? Pihat t he
coating makes t heitifinithe areacs flatteto Providg thef dekirdd pankfity PR R fiffoe P tidadga St or age
applications. (Usjng conventional neans, such as polis)tling, it is
difficult, i¥ notPs"#Sossible, to achieve adequate surface smoothness.)
Exanple 13: . i A thin layer of polyetherimde was depos|{ted onto one side

o~' an al um num subsGedrRlyYmBaRkiRg GPRdferd sthch e ¥iiBiErae M difabNpIAGic HPAtUL | ON
onto the sur~ce(s) and 25 curing. .Subsequently, surface|features.were

formed into the l&it oawEsesiaiyn alestinia thyemiasting ga@oe. Vg to balimged &t anpi ng

Thi s substrate Was:suRerhe %%légofdf@r@&ldsﬁ@ﬁ'atehéli notonly c¥Ppild, BR¢&LAA 31 July
2003 PCT/ US00/ 03644 "al um num substrate (Conparative Exanple #2) in that it

cont.ai ned the dedis &iyhees b¢ embaspaddntathe substrgieoy thlviesirad surdico qualitn cantdire
desired sur fl%ce bcéléﬁ'lbl)gsyd (e?g;.,glesireh ?1%30&1@@{' réu%ﬁne%} microwaviness, and flatness). Ina

preferred embodiment, embossed bit-patterns and/or servo-patterjs have a depth of

about 10 nm to about 150 nm, preferably about 20 nm to about 5¢ nm. Depths
shallower than about 10 nm can result in features that are not accyrately recognized
by the head device. Conversely, deeper features or features that vary outside the

20  ranges can result in undesirable head-disk interactions.

Embossing, can be accomplished using conventional techgiques.
Alternatively, a unique embossing technique can be employed where a substrate, such
as a disk having a plastic surface, is embossed by preheating a mgld. The mold

should be heated to a temperature that, in conjunction with the terhperature of the

25  substrate, is capable of embossing the desired surface features ontp the plastic surface
of the substrate. The mold temperature can be at, above, or below the glass transition
(Tg) temperature of the material to be embossed. If the temperature is above such

glass transition temperature, it is preferred the mold temperature e within about 30°C
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Exanpl e 14: A substrate with outer dianmeter of | 30 mm and thickness of 1.2
nm and 5 containing mcroporosity can be forned out of pol y@rf?nfbt% (Lexan
resin grade OQLO30L obtained from GE Plastics) using the uly 200

m crocel | u&908#7&ct i on nol di ng process. The substrate WwuPET/SRWNSI, | oner
nonent of inertia and hi gher nodal frequency conpared to Conparative

Exanpl e #1. Exanple 15: 10 A substrate with outer dianmeter of 130 nm and

t hi ckness of 1.2 nm and containing a m croporous and snpoth pol ycarbonat e
skin can be for ut of .pol ycarhbona Lexan resin_grade . 1030L
obt ai ned from Ggﬁg‘f égﬁs'tr@gﬁlp?l’s%ﬁﬁeriwg k/ﬁlc?g’] F“ﬂf&ﬂ‘géé‘?ﬁ‘*%f re'wgfggb{g’%tn nol di ng
process in a nolisCtfiererredyfinded toipddhit Gathboaiite 0FC kdpedifilyo

efefttd;pathhhsi des of
the nold. The subftrate woul d denonstrate the sane 15 bneflts of r educed

monment of i nert MRIhTHERIRYed ‘Hﬁdﬁpefqt‘gﬁhﬁﬂ‘ﬁ?‘e(ﬁdasﬁé‘}?ﬁloé omperafie Rf theduced

surface roughneggerifPt@s0éRoLE e&nﬁ%@?feﬁtxﬁdv“lntam eQpeeRlly gletRl @ bodimd @0 MM
and thickness of 1.2 mmwas forned | yet herim de (Ultemresm gr ade

1010 obt ai neé- f%m@smeé@ehlbbqawﬂ@ Mthlnecﬁe‘v\ﬁmeeab@iev tigelass wrpdition | ow

melting (less t )
nol di ng under s?gﬂgl Q‘J&???%ennsmﬁ'ulé hﬁatg rﬂ'ﬁ %fn
frequency was abmfetabM\Qlthtnat lﬁst&bhutlef@qureatWor dnivepleons B tedhls.pl acerrent was

about 0.723 nm The benefits conpared to the prior art ((Conparative Exanple

1) Jre e 25 Oty peih iR £ 00 S TR0 050

A substrate with outé I ANt
formed out of stiyndrelactansoion tempkretuesogfohemaerial S «GTSssHOO0 Thdsubbtraedisf r om GE

Pl astics) using,injection di ng under ditilo known .i.n t he

et e sudbr oSS bie SRR 2 B P e Pt e s ang
hi gher nodal -5 focsteitd @AdYr IRSYR@ERE fehRréco R IsalstreR. BysioNIyethd dubstxaig! e 18: A
substrate with outer dianeter of 120 nm and thi ckness of} 1.2 mm was forned

out of a 60/40 RGP abowE & ErAboYS tBnEasHT2PHISH tEHRSTEIS 08 lest fospysiallise n and

material, with greater than about 5°C common for amorphous materials.

Once the substrate has attained the desired temperature, it is placed in the

15 mold and pressure is applied. After placing the substrate in the m¢ld the temperature
thereof can be maintained, increased or decreased as necessary in ¢rder to optimize
replication and enable substrate release from the mold while maintaining the integrity
of the surface features. Typically in order to maintain the integrity of the surface
features, the molded substrate is cooled to below the glass transitign temperature prior

20 to removal from the mold.

By preheating to and maintaining the mold at a temperatur¢ below the glass
transition temperature of the material, the time required for heat-up and cool-down of
conventional embossing processes is significantly diminished, esp¢cially in relation to
processing numerous substrates. For example, numerous substrateds are heated to a

25  temperature above the glass transition temperature of the material {o be embossed.
Meanwhile the mold is heated to and maintained at a temperature Yelow the glass
transition temperature. A substrate is then placed in the mold and {s embossed while

the mold cools the substrate (due to the temperature differential). The substrate can «
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pol ystyrene using injection nolding. The substrate showed reduced nonent of
10 inertia, inproved fl atness, and hi gher nodal frequency c WZ&O
Conparative Exanple 1. Exanple 19: A substrate with outer a of 120
mm and t hwekaed8y2of 1.2 nm can be fornmed out of a 45/ 30/ 23Cm8isghie3éper cent
bl end of pol y(phenyl ene ether) resin, 15 polystyrene, and

pol ystyrene-co-(acrylonitrile) using injection nolding. The substrate w |
show reduced nonment of inertia, inproved flatness, and hi gher nodal
frequency conpared to Conparative Exanple #1. Exanple 20: A substrate with
out er di anet er thsp be BeYEd HAw ”t’%'i“él@ri’é%g’e@?x‘f”‘%"ﬁﬁp&f?d withegmold. &as ary wt %

bi end of POl ¥ RN SR Ma byt ishdld ROIKE! e SOE: AAGABOREALILRAD 20 it %

of zinc sulfide particul at wei ght's on of the
entire conposi andthn @snongthe n}malunatmn toviedl v thy glaTmaxsuioattenaheanshmd reduced

nonent of inertia atnes n conmpar ed
to Conparati vecwbmlqngf 3)1/ nv%logl sésmﬁrlec‘:hﬁlggeswgg?kﬁgéqg%S?LF%IIEJ uyS 2003
PCT/ US00103644 toﬁcomph)aé rvétile tivi albbvd)diﬁtﬁ;&sucg @Rcmig@es @h bk 2commliend it hingkeness ~f
1.2 mmwas fornmed out of a 60/40 wei ght percent blend of pol y(phenyl ene

L Ter (ot "we an SRS EA AR ER R BB et it B PRIBHS L g

i nj ection nol digiide 10108 isSfindsed Btaespiidesmd héatédrd dbad 7wmm13°oj iniaf@mhdea,
i nproved fl atness, and hi gher modal frequency cor;fpar ed th Copparative

Exanpl e #1. Ex&Ht &membossagmeldhayise fedgsipsgsitacy featse Bieatye i1 eshie and

thickness of 1gupppsean dh%efh@rdlEﬁ(i's é?tldém&fanﬁreﬁ% 162ded8hte e 1A G} whité end of
pol y(phenyl ene ether) resin with 10 polystyrene and containing 20 w % of

zinc sul fi dé papaling (dugtte thejtpmperature of theypalgiepmpisassd yndsn a tive-nirssypprodie t he
t |
entire compositf Q‘Egofsyﬁw Q?rrgﬂscgllfegﬁxﬁ%sgﬁklo% sqbsQ&e rfa:% ﬂgé egnb%géé@ﬁgﬂ{rgg pna

"managed heat trans ayer, escrl t No.
5,458, 818. The tleuhsbhovat drovaxhi¢ ohoklhow reduced moment of inertia, inproved
flatness, and higher nodal frequency conpared to Conpar ative Exanple # 1

and i mpr oved repl By o eha WA Uk AF AL R GATD) © 120,

Exanpl e 23: A substrate can repar ed e substrate
was hel d usi ngtmptetaanpamgsedmﬁelydxeadnmtthmmtmtmtecgraatevﬂ&ude phest iransivas her

gﬁog\ea ?Lgﬁ%or tt | e%gltqu,fté\e?erg?c%gﬁﬁ%&le(nﬁn Zcr}g bte rr1educ<: Sytorr ers of -I;.hggxt Scf r ucture

Once the substrate has been coated with polymer, and fonn?d with the
appropriate surface features, if desired various layers can then be agplied to the
substrate through one or more conventional techniques, e.g., sputteting, chemical
vapor deposition, plasma-enhanced chemical vapor deposition, reaqtive sputtering,

20  evaporation, and the like. For example, in some cases, high areal density storage
media might have pits and grooves on the polymer substrate that can be solely
geographic locators; i.e. they are not required to store data therein. [The data is stored
in data storage layer(s). Furthermore, the data stored in the data sto[rage layer(s) may
be changed (rewritten) by repeating the impinging step at higher dehsities than

25  conventional, i.e. “low” density compact disks.

The layers applied to the substrate may include one or morejdata storage
layer(s) (e.g., magnetic, magneto-optic, etc.), protective layer(s), diglectric layer(s),,
insulating layer(s), combinations thereof and others. The data storape layer(s) may
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20 mmvs. 0.723 nm at the first nodal frequency corrparéd to the sane
substrate when cl anped using a device not containing the el %sltchﬁ
washer. Co arat%e Exanpl es Conparative exanple 1: A subs r%@% V\a out er
di anet er of* O1%¢® and thickness of | .2 nmwas 25 forned ofif PoYi3ss

poi ycarbonate resin (Lexan resin grade OQ 1030L | obtained from GE Pl asti cs)
using injection nolding. The surface snoothness of the substrate was 36

wo oo/ 4sma | ess than about 10 ~ Ra and the first nodal frequency was about

2. 31 ul'y 2003 e GepbrARAITHET o PRty &l TR SRRRAL WVE Y o

of 130 mm and t magheiedsyeqfol ho mefenabls a%ﬁgoetmdti@hyer,dfaviagfumﬁimMStnyupwnchi ng

the disk froman_alum pum.s ee | at i i ni.ckel - phasphij de, and

bori shing 1 o aoApa SO AR ke Cuftp abdhe b8 Pwéegfgg(?%g'gfétdﬁ!sﬁ%mgawﬂa) |
The first nodal idcRigUsnay neblsmdddabioxdd(shizh asAllichbid dkidel, @ardl €dtthyeleridae— axi al
di spl acenent was about 0.075 mn It ShOl]_Jl| d be clear fromthe exanples and

0 . !
t eachi ngs prdvi d@esHRIyBFR! Allpymickely eqbaltFhrgmpe, tapaR RIRNEY STRIBB: medi a for
data have been iRyaRigf irohboRMbBELAHH TR Ind ARiHIGBRbns JCRPASHE SleRNHeOT
magnet o-opti cal nedia that are at least i'n art nmade from plastic and having
a high storage o&paiforegaing, omagic dyafeealcyzaneirphithgloeaning tiphdyeshlbodit 5
Gohits/in -, can. sl.ane I [ r & ' a
unexpect edl y pré‘gol%%flg'c?f %@%cﬂ&n%g?ﬁ Zlg? &%’?%S%%Z%%g?#%&%ﬁg}h%éﬁgt | east
one of, .g.) suldyackasbToerorgynes deastfabbied 500 bensted,ydthta cberdivitiRaf adootd,000
m cr owavi ness, edlgeal ift 1 ss ta@an ?bogt 8 w, nechani cal - danpi ng
coef ficient ér e SFBIFC PREFFELSRIY B 4% tenp nature of 24C, a resonant
frequency of greater than about 250 Hz, an axial displacem nt peak of |ess
t han about 500 p und&he pxlotmcdkvedayev(isbwhtchcpmtexmg'aimtdmmmilaaﬁbathcrl ayer wi h a

coercivity of at |east about 1,500 oersted nd Youngs; nodul of. .at

| east about GPa . CUHMEaHE CS?ETVﬁé tg'fliﬂe%?go Bralsr &’aﬁé@c‘f ‘oggsg t%&a ?Lﬁlf@‘én‘f”én n a

rigid c re w th adhiskiess 68629004 Bf 183 pesterkeddn s@th@EhHRRMEARS If Sfdthe®r

conbi nati on thereof, plasti filmor Ia(%e& on one or bothj sides. The plastic
i P

may be a t hennoSrRediment. ¢ fiskpessof aboyt | Ui 1§ prapciadly praferredq dbe figkasss

embodi ment s, st heyr e QrABivERILRs) MARuaN deRrRint @2l 158 th; by the RbE 5 Jr ooves,
edge features, asperities (e.9., |asér bunps, and the 1i’ke), roughness,

i crowavi ness, 23eadfverite mechanjsm) emplloyedik-g. rmagnetite opficagitmagnetbiobti§. | ayer, core,
substrate) prefe ably using an enbossing technique (i.e.; the substrate can

be physically patter pgglibie flofettiveMlersatRAtAER0R8siR ¥ alstadd 4 nRaldser ned
substrate is the elimnation of the need for servo pattefning (_glts,
1

grooves, etc.) d¢-8+ pilicaoniwidpseapd aluntinyng nigrigdes.cimont atiers), e4rpides3z.g., sifgonjyl y 2003
consum ng proce rYQ- ] i,NgG:1: . ; w : a2 ; sever al
hour process. | %ﬁrgg%ia? |88%‘;&82i%;r(llggsr(ltaﬁég‘é‘g%}gdlﬁgg%rdd%%&%@% oeﬁ?bd a)oér!"lé‘lS

subst anti al 120 f ree., pflyseyletes & pobireomieas) carbdrefilar @amohd, tdmencaiddlike balyay

avai l abl e for daettcas storage is /I

among others, and corrrllg{ngt?osn% g:bmprising at least one of tI:pe foregoing.

The dielectric layer(s) which are often employed as heat controllers, can
typically have a thickness of up to or exceeding about 1,000A and as low as about
200A. Possible dielectric layers include nitrides (e.g., silicon nitrlde, aluminum

25  nitride, and others); oxides (e.g., aluminum oxide); carbides (e.g., silicon carbide);
and combinations comprising at least one of the foregoing, among other materials
compatible within the environment and preferably, not reactive with the surrounding

layers. '
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Unexpected results were also obtained in relation to furfth$r processing and
5 nechani cal properties. As is discussed above, the plastic th%g d the
deposition of additional |ayers (e.g.) data |layer(s), refleg iJ'V') rayer(s),
protecti veVPDA&Ye#§1(E)) etc.) using techni ques such as sputit ePCHYSHWI03@Kevat ed
tenperatures, often at tenperatures in excess of the glass transition
tenperature of the plastic. Al so, the hybrid atorage medfi a containing a
rigid substrate having a plastic filmor |layer attached thereto retained 10
head sl ap performan as_conpared to conventjonal storage pedi . _These
illustrative enbodi ﬁ@ﬁggﬂ%@wgﬁhsﬁlgulghe,\macfu@l@xeagbg t ©reflechp gefigent

ordi nary skill dimounber kdgy td GAbIE Bfta ESEAI, pﬁybféﬂlﬁﬂ@re@%@cﬁ% |lz@§r(£)rc|91¥ hsled

herein. Unlike prior art storage nedia, thi's storage nedj a enploys a
substrate havi nngw&ness ebun to 4bqyd @04 wvith adhigkyfesspif abauit 60Qletogibputi00feast a t hin
plastic film tg.l ' h [ : chani ' nd surface
features. Due t nlf“ﬁ? h%};e?'g{!' fﬁggﬁé‘%ﬁ é‘;eq?{]@ssll ?‘Eue?a g# nmlégel?‘g Jaé#b?f%f: substrate
wi th the desi r edflenting deeaftcaltenesy ifisldpmskiling eetalsu(e.gh eluminus, sdver,fgatk
features, including ro ness, etc., can. be enbossed directly into the
substrat e surfat% ! eﬂ@gﬂf’wga"%%’&lffsi 'foé’?‘f’rﬁfngtaﬁf??glfeo&g{fe{’ %‘f’é’ W st
effective. A f usthdie) Th adiitioand &@elata Stotagalaybile, ddlédacieydr@f ptbt@Sivh Ry (sf
greater than about 90l repljcation of an | 20 ori%inal mpster. 38 31 July
2003 CLAI M5 1.3n8 refifcHveleyrgh shrelaress wan e empionyt sugh aipricetiendlavsad i sing at
| east one pl ast §iferp O Mubridiht€BGad fufoko ididsOds éc?a?l?tfu Rbikhpyt 8 Vim a
surface roughness of |ess than about 10A, and an gm al di spl acenent peak of
| ess than abbutgreses, apd halks: shock or vibration excitation; and at |east
one data |ayer on said substrate; wherein said data |ayer can be at |east
partly read from Wedel@Brdelted Rbulfof S URAAQAN deBEHEPherBY 1dt cdit@sh One
energy field; and wherein, when the energy field contacts the data storage
medi a sai d energgid pubstrafe;ieg..ian @lugimm sbsirate Al aglasac tesipembppssédwishi t coul d be

wherein sai d subtivar ot M recolOihcifll PRRLARE: [ECkRRRI Qubtofiy; |

The dat a st or ageomgomediasComverfioaal miuzhinwh etedin AreSypichlly wbatd, alge withickel
edge-lift hgight of .l ess than about im .4. The data storage nedia as in
QA m 39, wher OPRRGRPIE AR LRSS & peliime and i st aiiage 15 the

polished surface by contact with the head. Plastic resins are generglly softer than the

aluminum surface coating and would be expected to limit the head slap resistance of

the storage media; however, storage media described herein contaifiing plastic films

unexpectedly exhibited no observed diminished slap resistance. This unexpected

20  result is believed to depend somewhat on the thickness of the plastic film and plastic
films having higher thickness are expected to have diminished head slap resistance.
Thus, in an especially preferred embodiment, the head slap resistance of a coated
aluminum substrate having a plastic film, preferably containing surface features, is

substantially equivalent to the head slap resistance of the coated alyminum substrate

25  not containing the plastic film. Similar head slap results can be obTxined with other

rigid substrates such as glass. 1

|
The storage media described herein can be employed in coriventional optic,
magneto-optic, and magnetic systems, as well as in advanced systens requiring

higher quality storage media and/or areal density. During use, the Etoragc media is
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than about 5 ~r Ra. 5. The data storage nedia as in C ai\ m 1, wherein said
substrate has a nmechani cal danping coefficient of greater tﬁ?ﬂu@%\qu‘ 0.04
at a tenperature of 24C. 6. The data storage nedia as in aim erein
sai d mechdfPe4f81%npi ng coefficient is greater than about X5 TGE%p36As
tenperature of 24C. 7. The data storage nedia as in Caim1l, wherein said
substrate has a nonent of inertia of |less than about 5.5 x 10-3 slug-in2
(52 kg-nmmR). 8. The data storage nedia as in Caim1l, wherein said
substrate has agtadisd rdididoh t bibdduch i %g t f less than
about 1 each. 3!%& 31rJu10y %‘gg&/gﬂgﬁié %%tca sa%%llre Zmﬁ?%%?g {f)sét’lgn Claim1,
wher ei n t he noi simhmtigothereeftor efiotka) antots sherdatastovare ilaysr, ireths farmanf ambout 0. 5%
at equilibriumunder. test..conditions of .80C at 85% relative hum dity after
3 woeks. 10, TR SER bl PR 8o By Helgfamenl Bl B b rac o
has a specific gispoeédion ted stbregemddiagtioa bo(ittevar) cobdactidifhe Sisttate! Phegergedi a as
in Cdaiml, Wneéei n sai d substrate has_a resonant frequency of greater than
about 250 Hz 12°1d $HESGAPRPYFIGHAG ENGTuE! Shange MANSiofpen MediddiaAsdy FeQd iy
substrate has ajnkidkrt of MElederdyra thd M of KIRALRE. K @Rarfle, AR McidehitHadnbauency.
13. The data storage media as in Claim1, wherein said substrate has one or
| ess nodal freqfiddaighschapgesthe erigntation efyarauetidpriaims qudwcthe layar, ofe  dat a
storage nedi a j i j j - j ore havi ng
o subatant ai 1 y e e beldeodl BHE TRl BRI M e O © S
1, wherein sai dmgigbadtrate conprises a core having a varied thickness. 16.
The data storage nedia as in Caiml, wherein said substrate conprises a
core having Cross- i £ t L1, r O h onsi sting
of : concavef@convex,P%t?%%g%gg}eang Econgﬁéﬁit’ilxg%tgg gir?)p%?ﬂg%%gﬂgtl&ﬁgggt one of

t he foregoi ng cotrevgeomprises emtacling thd bea statage IsyepisatR witdad polarszed hgl@l1ad m 1,

wherein said supstrate .Conpr. ses.a . .Cor avi a r ter dia er

substantial |y eﬁﬁ%z‘i‘%‘ﬁ' lgsegﬁ%}g’tof &hgr)&ﬁ(gep{]% S&ﬂ@%‘?@?l‘g? © ;ﬁ%ve&ﬁeéﬁr%{‘or age

nedi a as in O adigpobed babarr it de@is@rapy Rytr 1AL and QBRFHS BB, RBAS theMgMibagk a

geonetry selected fromthe group consjisting of: at |east" ode radial arm at
through the data storage layer 102, the protective layer 104, and to ‘the read/write

15  device 112 where the data is retrieved.

In another embodiment, referring to Figure 3, the read/write device 112
detects the polarity of magnetic domains in the disk storage layer IPZ’ (i.e. data is
read). To write data onto the storage media, a magnetic field is im;iﬁosed onto the data
storage layer 102’ by the read/write device 112. The magnetic fieldipasses from the

20  read/write device 112, through the lubrication layer 105, and the pr‘ibtective layer 104
to the magnetic layer 102, forming magnetic domains aligned in either of two

directions and thereby defining digital data bits.

i
The following examples are provided to further illustrate thq present invention

and are not intended to limit the scope thereof.
25  EXAMPLES

Example 1:
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| east one ring, star-like and conbi nati ons conpri sing ati | east one of the

f or egoi ng georretrl es. 40 31 July 2003 19. The data stor age;
%éﬁa’sone

Claim1, aid substrate conprises a core conpri sin
hol | ow caV| 4§6§ The data storage nedia as in Claiml, ng?@l n said

substrate corrprl ses a core conprising at |east one fill ed cavity. 21. The
data storage nedia as in Caim20, wherein said filled cavity conprises a
mat eri al selected fromthe group consisting of: netals, glass, ceramcs,

foams, carbon, ther ”Rl%bl?s'ﬁ%ﬂe%vhéuﬁ?ﬁﬁ%ﬂéﬁ136%9@%ﬁ§vhlcﬁhés9)$§1291%‘@955' tes and
conbi nati ons conprising at |east one of foregoing materi al s. . The

dat a storage nedérmedgutial a@blaeﬂWrimldmmdUhem@lrcbnsglbéet I(HD@btamerpméb‘E a core
conprising rnulti orti.ons. 23..The ata a as.in im22,
wherein said m Fasn Sgusb?ﬁlf“ie%“on BYeige fu r&‘??@redfcé’ﬁgg%%wgll%th °3% %he data
storage nedi a asurfae Qxammeasommuestfmé\aasdeﬁubauoa\t E,, &IfRE ﬁﬁsen‘aodhlpr ef or ned
core. 25. Th ta st orag as in Cdaiml ein sai

substrate. cosfp SRy 86%%%‘&9&3‘& i) thi ?‘?ﬂ“ﬁ?“%’hthgé’f‘ﬂ déﬁ.?&?‘?‘%ﬂté"as PO The data
storage nedi a asg,s8fmkh. 3THY bbneW@nRafedIcting pEbkst (BhParafivdEasdples1) &€. The
data storage nedia as in Claim26, wherein said plastic conprises a resin

sel ected fron1tﬁ@mgroup consi sting of polyvinyl chloride, polyo~efins,
pol yesters, polyim des, polyanides, polysulfones, polyether imdes,

pol yet her sulf0@§§nlgglyphenylene sul fi des, pol yet her ketones, polyether
et her ketories, resins, polystyrenes, polybutadiene polyacrylates;
polyacrylonltrll~, polyacetals pol ycar bonat es, pol yphenyl ene et hers,

et hyl ene-vi nyl acet atSUbsHps I"VM%‘G“S&HF 9L/43%ymm diagteter and |.2 mm Hickpess pagy

pol yners, etjgyl %E‘Erohﬁéeﬁ%it |uH&'i19§H&Yd1 pS@BQL&HI%VﬁHeaWﬂﬂ%'v@t‘yp&lﬁéﬁ%&r S,
ponV|nyI fluoride, polyvinylidene fluori yvinyl i dene chl ori de,

t et r af | uor oet hy Tapmateriglyyid exbibiva ﬂS@PTQ‘rm@l“aﬁﬂPQF‘EWGB psicomerhpnies damping t ur es,
reaction productg L d 1f oregoi ng
resins. 41 i efqafjm%ggggss%@%ﬁﬁ gtgygglo?}a arr%% 'se(?ll;enfa {au m 1,
wherein said datdanbra;reue aimmuwma:eulodxsplabynm of 0. @ﬁmat@mng Ivéimatmbd eEciB G0
oersted. t 29. Th g gﬂh %e rr%%gﬂgs in Caim28, wherein said
coercivixy is gtag ¢ 8P R Bty ersted. 30. The data storage nedia
as in daiml, wherein said substrate has an areal density of about 10

Gohit/in2. 315 Thizamwpled: st orage nedia as in Caim26, wherein the substrate
conprises said reinforcenent selected fromthe group consisting of fibers,

Fuhiskers, FIDTT1S, ARGEARGNHR Sivr BRARIYBESS Adn8 HIBRA0R'r 9 in GRIBERGH N0

| east one of the for egol
with a core of polyphenylene ether/polystryrene (PPE/PS) contairling 20 wt% ceramic

microfibers and a skin of PPE/PS (40/60) by co-injection molding. The microfibers,
with average dimensions on the order of 10-20 p length x 0.3-0.6 '-u diameter) were

20  significantly smaller than conventional carbon fibers. The surface smoothness of the
substrate was improved by approximately a factor of 2 compared to the conventional
carbon fiber co-injected disk and the first modal frequency was allaout 425 Hz. Atthis
frequency, the axial displacement was about 0.15 mm. The benefits compared to the

prior art (Comparative Examples #1) are clear,

25 Example 4:
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reinforcenents. 32. The data storage nedia as in Claim #31 wherein said
rei nforcerrent is selected fromthe group consisting of: ral,

pl asti c, ‘W?zﬁ?z gl ass and conbi nations conprising at | eaﬁ%j‘g#dg%?% he
foregoing reinforcenents. 33. The data storage nedia as in daim?2

wherein the plastic conprises a pol yphenyl ene ether and a polystyrene 34.
The data storage nedia of Claim33, wherein the plastic conprises about 60
wt % pol yphenyl ene et her and about 40 wt % pol ystyrene based on tile total

wei ght of the plast hGubffatdwidutdr @Amedbof 1BDenrfl 8t PthickAdsRBL1 DR Ra0f Claim 1
further conprising a fiat reflective |ayer_di sposed between the substrate

and the data | dy@ed with a caresaf 3P wié carben Aber-ditledipalycarbpapig apdbaiskdn el i si ng: a
substrate havi %@l)@arﬁwagf\%ﬁlgscggﬂ&ﬁgﬁﬁlogifm&lvﬁﬁfsa ﬁ\ﬂ?ﬁ?sg‘?ﬁo o%‘atFHu?FBﬁxFooff' | m and

a magnetic dat ayer on sai | astic wherei n sald magnetic
data | ayer can coe tal uhiaftkipanded syanded dorfdrtmmns kwvhtihelmatm ,Thesurdaceonbi nat i on
thereof by at | east one ner fiel fromthe oup consi sting of
electric angS nﬁa}gg{hpess 05 85? ©as a%g'fqb%ck (Bl?f i eqagﬁ nC§'tv‘(’)arsage medi a
field has a tilabodR1dHzOAL ttm&e;;um:@,swam ﬂisplacehestwamgabsﬁtatzs' mmherein said

tilt is select dfro t he grou sistin adtangentlal
tHit 37 The. SourUBahs e EReRand BRurinae: bufleneiti Bnanees i SUtBoat o has
a Young's nodulgym rifo. athelbemsdits c@ﬁh@k&”ed%t@aﬁlorgﬁ(ca;hﬁarﬁv@m&ﬂplg‘#@)@e as in

G aim 37, wherein said Young's ~odulus is at least about 70 GPa. C, 39. The

storage rredl a &%al.n Caim38, wherein said Young's ~odulus is at |east"
about 200 GPa. 40. The storage nedia as in Claim36, wherein said rigid s
bstrate is gel aghiglefss om the group consisting of: netal, glass, ceramc and
combi na ions conprising at |east one of the foregoing. 41 The storage

media as in Claim36, wherein said plas |s filmconprises enbossed Cs'urface
f eatures and wher ei ﬁ%‘gftﬁt%‘&}fﬁ‘l“ir@‘a&ﬁf"éoﬁ L)aim aud grickpess aH0-d g sdomg

enbossed surf acgt §5R1yehBSnatéledntaitiiy LA AGENBBER 2 8$/1% Dol strBredfopratBer €i n

said plan is filmconprises enbossed surface features sélected fromthe
group consi st i ragddf witspolysigispemaleisagey dridert @@H based apprethe (atad gveighhef the

conbi nati ons_cofiphhdi ulthe hi28in A0ERhibRubhRORNMonAGon] RFnsher age media
as in Caim36 erel stratea num su strate The storage
nedi a as i nll alhmfB6 ,quh)d‘r@nqmcy Isebeut382 Hat At this frequency, the axial displacement

is about 0.069 mm. The benefits compared to the prior art (Comparative Examples

#1 and #2) are clear.
Example 6:

A substrate with outer diameter of 95 mm and thickness of 2 mm is formed

20  with a core of polycarbonate containing 30 wt% carbon fiber, 21 wi% poly(styrene-
isoprene) vibration dampening filler, and 3.5 wt% poly(styrene-maleic anhydride) and
skin of polycarbonate (all based upon the total weight of the compdsition) using co-
injection molding under standard conditions known in the art. The core comprises
about 50% of the thickness of the disk. The surface smoothness of the substrate is

25 about 1.3 nm R, and the first modal frequency is about 450 Hz. At this frequency, the
axial displacement is about 0.033 mm. The benefits compared to th:e prior art

(Comparative Examples #1 and #2) are clear.
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45. The storage nedia as in Caim36, wherein head sl ap storage media is

substantially equivalent to a second nedia not one plastic é oat ed
conpri ses aics of the the at |east 43 31 July 20 EE%
storage ne \gpgh/g@‘?l n Claim 36, wherein said storage nedi ha /U 060 ic data
| ayer with a coercivity of at |east about 1,500 oersted. | 47. The storage
media as in Claim36, wherein said storage rredi has a nagnetic data | ayer
with a coercivity of at |east about 3,000 oersted. 48. The storage nedia as
in Caim36, coghhipking at |east one s in coated, spray coated, or spin and
spray coated plastic film 49. The storage nedi a as in Cl aim 36, wherein
said plastic I mconprises a therm)‘PI astic resin w gl ass transition
tenperature of at | &agt>siFaipwith oyer diamgerof 3 GEa %?éd‘?”él“ﬁ@ fi-2apmiinfogped

wher ein sai d plmaeorébfm}cca%ﬁatémﬁamng@ﬁmcsmfb find oup consi sting
of pol yet her et herket ones, pol ysul fones, ™ pol yet her sul ones pol yet

pol yphenyl ene epdhgstyrene hepmmfpl(iélshaﬁ@ L}mnﬂlemtdle&elg}anﬂthpodnymrtbmhmd@s*mS1 The
storage nedi 6 er el i S fil t her noset resin
conpri sing efrboif?eo{&'c%hgqaw% 1}136 ur es}&né%equﬁé% {eéfg‘a{ném%%lﬂgt RIER d ai m 36,
wherein said plmsycarbohite fiinoaeortelve bomhseles ofabé moldmTae eurfacé keocalinebsadslie one

t hernoset resin LS at. le d a cess .t.o. enboss rf features onto
the at |east on¥® §‘f§“e *Tﬁ*é"“éij’P’ é‘“‘?rgﬁ%éﬂg?d?lrfre@}’%ﬂc?ﬂ%% ‘@Egﬁé 2‘ 1§ d plastic
fil mone ther nogQfuedceshb asigll dpla8éndnit RBLLI®. 20N A P TROBSHefits chBpéd BRIRXY ,

pol yester, polyimde, polyurethane, mneral filled silicone, esters, vinyl,
and benzocycl obRiios A’ (Fespamive Examplpse lsang #Ale f8#i a as in O ai m 36, wherein
said storage density greater than about 6 Gbhits/in2. 55. The storage nedi a
as in O ai m@36 hawpngg:a thickness of 0.8 56. A storage nedia for data, said

medi a conpri si ng: a substrate having a top side and a bottom side; at |east

nprises at | east rrprlsig at leastdﬁartlall

cured set resi es at
| east henolic, al kydsSubsiraiaih oggrqameteraf 1%%15‘"};1?? é‘?l&la}eSijtlgf&mzsf?m’

with a core of polycarbonate containing 30 wt% carbon fiber in a mold that contains

\
polycarbonate film on one or both sides of the mold. The surface smoothness of the
substrate is about 1 nm R, and the first modal frequency is about 300 Hz. At this

. |
15 frequency, the axial displacement is about 0.40 mm. The benefits ¢compared to the

prior art (Comparative Example #1) are clear. |

!
I
Example 9: )

A thin layer (5 p) of polyetherimide was electrochemically deposited onto one
or both sides of an aluminum substrate. Subsequently, geographic: locators (pits)
20  were formed into the surface of the polyetherimide film using a ho]t stamping
technique. This substrate was superior to a traditional aluminum substrate
(Comparative Example #2) in that it centains the desirable pit struLture of geographic

locators and other surface features formed through embossing.
Example 10:

25 A thin layer of polyetherimide (5p) was deposited by spin t}:oating a polymer

containing solution onto one side of an aluminum substrate, This $ubstrate was *

|

|
|
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31 July 2003 at plastic filmon each of said top side and said bottom side;
a magnetic data | ayer disposed on at |east one of said si deB,%r‘axﬁaééd bott om
S

si de; and i43 said magnetic data | ayer can be at | east ad a
conbi nati(‘)‘)r&%‘g?gof by at |east one energy field. 57. The Psclrfitor ag’%sdrédi a as

in Claim36, wherein the displacenent peak of |ess than about 500 prn under
shock ~ filmhas a surface roughness of |ess than about .10 ~. 58. The
storage nedia as in Caim36, wherein said tilt is |l ess than 59. The
storage nedi a sageriod tdd ﬁid?ﬂio?nﬁl,alﬂm&ﬁ@isﬂbs&aﬂeqc&hﬁétivgEﬁcﬁrhﬁﬂhﬂi) it Ehat e about 50
~,m on said top witten to, or has an axial and the plastic 0.3. a film

t hi ckness 60. fmabsutags Yaesmpeth enough (ess than i G\ Rs andijnial @irfade Paness lesn thami ckness

i about 0.5 ~-m)tf&u%9in\41£gne@éhdataTm?geta ﬁﬁ&ﬁoﬁ?ﬂjt%e%ﬁbéﬁte@i@ﬂﬁhﬁg’toWherei n

said plastic mconprises a thernoplastic resin wth a gllass transition

t enper at ur e of urdergh dkegtlatp@@ndpolBRing Kepstusedigehapetiatatibn pf daventioszimdtahedi a
conprising:.a netal .substrate: a.plastic. fil and a.d | ayer di sposed on
sai d pl ast isc 915 Seulri'%it'lrarti"g-sl‘sg)?)?j]1 %%P %ﬁ?na(gfearsr’%%gﬁedbnéa%l?r 9 a:agg?yeﬁa?atgpgwr ead
conbi nati on t heerbfitylpyeasdr tHar 3300 odtgetwey giiiebddel d; wherein said energy field
conprises at |east one of an a magnetic field; and wherein the storage
medi a has a tilt of 1albout 1 or resting state, wherein said tilt is

sel ected ftom ’ﬁg’pgerOUp consisting tangential tilt. 63. The storage medi a
as in daim59, wherein said plastic filmof up to about 20 mi crons. 45
wWitten to or a | ed thirclaférof polpatbrimide (5u) was deposited by spin c?atingapolymer

containing solution onto one side of a glass substrate. The final surface had less than
i
10 10 AR, and total surface flatness less than 8u. Upon deposition of % sputtered
magnetic data layer, magnetic coercivity greater than 3,000 oersted iwas achieved.

The coated substrate showed no damage after a standard 800 G heaci slap test.
x

Example 12: {
A thin layer of polyetherimide can be deposited by spin coat%ng a polymer

15 containing solution onto one or both sides of an aluminum-boron ca{.bide rigid
substrate. This substrate would be superior to a traditional aluminurL substrate
(Comparative Example #2) in that the material would have a signiﬁd‘!antly higher
specific modulus. It would be superior to aluminum-boron carbide substrates without
a coating in that the coating makes the surface smooth enough for us]'ge in magnetic

20  data storage applications. (Using conventional means, such as polisl%[(iing, it is
difficult, if not impossible, to achieve adequate surface smoothness.)}
Example 13: l{

|
A thin layer of polyetherimide was deposited onto one side o&' an aluminum

substrate by spin coating a polymer-containing solution onto the surt,&ce(s) and
25  curing. Subsequently, surface features were formed into the surface psing an

embossing technique, e.g., a hot stamping This substrate was superiior to a traditional

\
i
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s, nmeasured in a of radial tilt and a filmthickness 31 July 2003 64. A
storage nedia for data, said nedia conprising: arigid substgﬁte Eg ing a
surface roughness of |ess than 10A; a plastic film and i ¢y €903 dat a

| ayer di spd¥@dV/é#H7%ai d plastic film C wherein said data | awmww?’ﬂé at

| east partly optically read fr~m witten to, or a conbination thereof; and
wherein the storage nedia field has atilt of 1 or less, nea ed in a
resting state, wherein sai dtilt is selected fromthe group consisting o~
radi al tlltandata Th a nedi a S|n ai.m 64,
wherein said su% tratfe |Sstra éCOTﬁaéatévec%@%lgE#z éhagei Coma %d%sér %ﬁ%r ein the
plastic ~I'm ha5stmcgirasﬁgebgramﬁd Totatdts hﬁmedﬁtrw.cﬁrf@cfe @an@t eg lesxaharalDdUR . 250C.
E 67. The storage nedia as in Caim62, wherein the pl astic I'mhas a gl ass
transition terrpErat f of greater than about 250C. 68. A nethod for
retrieving data, Bc'ﬂ#% tsi ng: i rotating a storage nedia having a substrate
conprising at east one plastic resin portion and at | east one data | ayer

di sposed on at | eastA eubsgate fvith eutef digraeter 0BG hmadnd thivkressaifn . 2samcangubst r at e
has a surfac roughness of les 10 A an ial di SIF errent

ut
ook or T back e iSRS rnche Tamen oty bob Brudts L bep e

directing an ener@y3dl @isindatfrospGE P&k@dsa@@ngrmdmac@uﬁmrdcbmarslqecu%nergy field
i's incident upon the data | ayer before it can be incident upon the substr

te; and retri evF‘r‘?!j"‘iglﬁrﬁﬁfeﬁsatThé RUbSEHRVOR shett 20 loyesr mpmeniefjiperigaanddieher el

69. The et hod ]‘.ngaalrﬁ%ﬁén@}y&d?(q,a%tt@(;@ﬁphgm@lﬁémlgﬁl further | east a portion
of said energy field through the data layer, and of said energy field back

through the data |ayer. g passing at said portion 70. The method for
retrieving data Ex@mRle 18 ai m 68, wherein rotated at a variabl e speed.
storage nedia is 46 31 July 2003 71. The nethod for retrieving data as in

Cl ai m 68, wherein SaA@uBStrﬁ'l@Wh'oﬂﬁéﬁdmhét@r@l@O ﬁnﬂﬁern@lthlEdéssfo 10 R0 t han
about 1500 oersted. 72. The nethod for retrieving data as in C aim®68,

wherein said ~ SUWARIpGE EiETRRETGHS apd ﬁ?‘é’éh pelEadrraie griweandie formsd cabfut 6
Goi ts/in2. 73. g& ca%tna féLJx95®l;e%rgr§dé'dtglo<§@ﬁ tBfied @onﬁﬁg ms?@ u\e{agw n said

substrate has a re enS|ty greater than about 10 s/| r 1 74. The
met hod for retr Mwelhglocd@cte&ulasmcwomnmldmgﬁoce&hmraemtﬂd dat cbmm@ky&@réom an

areal density ggeater netdr}gy?)tr}ﬁ%g@?&tge G gL sub ratt% l{l%ggm D2t Qe

retrieving data as’i n Sar 4 subs corrprl Ssing surface
features di sﬁ)osbehcﬁts of tedued stioneeneofSnurfiaas lﬁ)g‘hexaaodil fredeheyadfExaplegiéh sai d

substrate and said data |ayer roughness.

Example 16:

A substrate with outer diameter of 130 mm and thickness of 1.2 mm was
formed out of polyetherimide (Ultem® resin grade 1010 obtained-from GE Plastics)
20 filled with about 60 wt% of a low melting (less than 400°C) glass filier (Corning
Cortem) using injection molding under standard conditions known in the art. The
first modal frequency was about 210 Hz. At this frequency, the axial displacement
was about 0.723 mm. The benefits compared to the prior art (Comparative Example

#1) are clear.

25 Example 17:
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| 76. The method for retrieving data as in Caim?75, wherein said surface
features i are selected fromthe group consisting of pits, ro vm edge
features %(P%/&]B%ﬁs and a t conbination conprising at Iee},%ﬂgé%g kg t hE

f or egoi ng. . The nethod for retrieving data as in Claim75, i
said surface features have a replication of greater than about 90%
replication of an original naster. C 78. The nethod for retrieving data as
in Caim®68, wherein said substrate has an edge-lift height of |less than

about 8 microns. 4 A sirattREmvated@idmber off 180 MneMidNBickRbPofaS infh Wdsal m 78,
wherein said substrate has an t edge-lift height of |ess than about 5

m crons. 80. THEMsRPHEd siesne-aaylonigie erpolyaen(SAN CAS t0abtaied froghEEei n sai d
substrat e has =1 i . t i .m81. The

met hod for ret ?@é@%ﬁ%‘%&a‘%&c‘g@ ﬁ&"&)g?d%ﬁéédaéﬁﬁg?gﬁﬁggév@u@éfﬁt Tey%has a4l
mechani cal danpubsgate gefweid cedardd mdmayt efabeatia, ithpnovabiames adihigbermadalnp ~
rature of 2§C.' 47 a 31 églg 200%.\}8% qu thod for retrieving data as
in Caim81, \Aﬁgﬂléelnﬁ/ RIS DI TRYE™R %‘algpﬁ% *hani cal danpi ng coefficient of
greater than about 0.06 at a tenperature of 24C. 83. The nethod for
retrieving dat Exaspleh8:Cl ai m 68, wherein skid substrate has an axi al

di spl acenent of |ess than about 150 ~m f 84. The nethod for retrieving
data as in C aim83 [ {d s : -d i ight of |ess
than about 6 vim 58 Rt ke gahbsL bl i AR EREEGH 1 by O,

wher ei n sai d suirsted attofla#6/48 webhpendestlendanfpelp@henddnt et mesingfndgr eat er t han

about 0.04 at a tenperature. of 24C.. 8 Th thod for retrieving data as
"0 aim 85 e ETRRE SHE G e R el Sk E R RT ol nt o
greater thao alia, nfdbvediflatedspindaighetihedadfreqhiéficy dBrhipartl) & O@hppdlive or
retrieving data as in Claim85, wherein |aid substrate has a nonent of
inertia of |es&*#MBlflabout 5.5 x 10-a slug-in2 (52 kg-nm-). r 88. The

met hod for retrieving data as in Claim87, wherein paid substrate has a
monment of i nertBxamplk 190 nore than about 4.5 x 10'3 slug-in2 (42 kg-m®2).
89. The nethod for retrieving data as in Caim88, wherein said substrate

oot nnd) 90, The meCHBol ol h Y FaDFRGoAD A eid Wk & B MARRPE! n | ai d

substrate has dorfist baxast al40/39128 8&FhOferdefSiHerddbd Polgpheriyldne AthB restil. The net hod
for retrieving data as in Caim86, wherein laid substrate has a f
mechani cal 'damPPHEYEBeRAT BOlETTeRsreofrERiORIrIE SR AHeRtOn oiing 1 The t eerat ure of

24C. f 92. The gigkteil Sow Rhice&MoMEn @ hRr@SinpFoviel Ahib3 land WMYREShH Sl ai d
substrate has a nmechani cal danpi ng coefficient of greater than about 0.06

at a tenper at ufqghcyyempagd to Chmpargtiveddample #f.et ri evi ng data as in O ai m 86,
wherein tile noisture conteht of said substrate varies |ess than about 0.5%
at equi l'i bri umpyagsie 2best conditions of E 80C at 85%relative humdity

after 4 weeks.

A substrate with outer diameter of 120 mm and thickness of 1.2 mm out of a

20 60/40 wt% blend of poly(phenylene ether) resin with polystyrene and containing 20
wt% of zinc sulfide particulate filler (all weights based on the weight of the entire
composition) using injection molding. The substrate showed reduced moment of
inertia, improved flatness, and higher modal frequency compared to Comparative

Example #1.

25  Example 21:
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48 31 July 2003 | i 94. The nethod for retrieving datajas in C aim 86,

* wherein s~d substrate has a resonant frequency of greater than about 250

Hz. f 95. ThGofmuhod for retrieving data as in O aim 86, | whetlel4y 20034
substrate has a specific gravity of less than about 1.5.!E ¥6'USM@364ét hod
for retrieving data as in Claim86, wherein said substrate a conprises a
materi al selected fromthe group consisting of: an anor~hous, crystalline,
or sem -crystalline material, blends, copolynmers, mxtures, reaction
products and conposi4 aHseREWIth shBOidh b, one of. the fi oing materials.
97. The nethod for retrieving o!atalaSEtlérﬁ)?a'%?lm ,thl\?\ﬂlgfseﬁﬁlgf“l”gﬁubstrate
has an axial di ©pnedciate 6040 Weigly petrant bitind uf pdAphényne OBeér) Tham wigt hod f or
retrieving dat j i Lip.said.substrate further | conprises
el - 90 The Thsgerns e A7 e Lo E b L ous i ieed o 0
substrate conprVegh ofitheestir campamitionflugingdnjetvd rslaMp. TRSbStdd\GoRid

hydr ogenai ~ rene, .a poly(cycl ghexyl ethylene), .,

pol ystyr enefa%oil.lgéci:l}ré?/‘{1 %’ﬁ'ln I?tiolf'erﬁeglapﬁ@%@f@?@ﬁ% ¢ -gheempdal Saauedes eetparedl ends,
copol ymers, m xb@omparati@ddamle #1r oducts = and conposites f conprising at

| east one of the foregoing resins. ar 100. The nethod for retrieving data
as in Claim86,;wherein aid plastic resin portion conprises a resin

sel ected from t%xélmﬁie?&p consi sting of p~lyvinyl chloride, polyolefins,

pol yesters, polyimde, polyam des, polysulfones, -~olyether im des,

pol yet her sul f ones, Apubgtpteeriyd @it diddldr 62520 RAl1E I &he£ S PP ESm BQ) et her

et her t ketonesf m%gs { i@f4 vpol styrenes %fpol ybut adi ene, pol yacryl at es,
pol yacryl oni t ri P4 gy %é 4 weight percens bluheftnoly (hsaylgnstasirey) nesie withher s,

ethyl e e-viltyl palyebaneasRpakis s wHPbiHioWinaRoatalife chbAih g«(gfgyﬁtég%%%d 3

pol ynmers, ethyl eg@-t .trafl uoroethyl ene copoly aronmat i

pol yvi nyl f | uorPPd¥, Weight f/tha entireieerapdsitign) ysthe, injectiopviaiging tenmoldkbmainiig,

t et raf | uor oet hylvgRg b HOE RGREPG ¥, d bl end ol rs, mxtures
and conposi tes conprising at eFegsslﬁméﬁé%?’ a? eesg/r?[}egr"é'dtﬁc'ﬁé”?t 9 Ad83F. 31
July 2003 101. Thagubswathwdulfl erow etinded wiongntiaftiteris itpro@EdMe38 andWhighesi N sai d
conprises nmetaky 4k r The method for retrieving data as rn Claim
10, wherein s mog ﬁeggﬁc%g(%%afeﬁ qﬁgrg:ﬂpﬁrﬁwesgxémﬂ’%%qqgwwv%’ eplicatianeds of

| ess than dbouthe3@idrurfd8combardneERanAbIE a20.retri eving data as in Cai m 102,
wherein aid thickness is about 20pm or |ess. 104. The nethod for retrieving
data as in d aiEmrﬁﬁe2¥merei sai d substrate conprises reinforcenent sel ected
fromthe group consisting of: fibers, whiskers, fibrils, nanotubes,

particul ate and conbi nations conprising at 1 ast one of the foregoing

rei nforcenents. 105A sitisgatedntbgcréparedrae i Exavtipht 182 The Afbsirdle Whdhdl ,

wherein said regif t.l.S selected fromth roup consisting of: netal,
plastic, mineral &g{élgl%gﬂ Qegtfl;e{scg',“algﬁ a8'8?%{aﬁtéft‘?"l§ﬁ%‘%€'§wﬁlﬁt%'ﬂﬁ@b%i’t"eq“éhﬁst one of
t he foregoi ng meimtfand thewentrate. The structure showed reduced axial displacement (0.475

20 mm vs. 0.723 mm) at the first modal frequency compared to the same substrate when

clamped using a device not containing the elastomeric washer.

Comparative Examples

Comparative example 1:

A substrate with outer diameter of 130 mm and thickness of 1.2 mm was
25  formed out of a polycarbonate resin (Lexan® resin grade OQ1030L iobtained from

GE Plastics) using injection molding. The surface smoothness of thE substrate was '

36



106. The nethod for retrieving data as in C aim86, wher
constant thickness. 107. The nethod for retrieving data
wherein VWdo%ﬂsfﬁi ckness. 108. The nethod for retrieving
86, whereln Cross-sectional geonetry selected fromthe g
tapered and conbi nations conprising at | east one of the
109. The nethod for retrieving data as in C aim86, whern
substantially constant thickness. 110. The nethod for re

ein substantially
TARULRE
roap 8oﬁglsting of :
forego geonetries.

ein core having a
trieving data as in

Cl ai m 86, wherigisihan@bsutNaRi MGind (b @ebdhhirARS vas MHASTIpaATL Atagsa substrate

has a substrate has a_icave, convex, cross-sectional suf
substrate has fgugwy, thaaxial displapgaat wasiaboqtedGmamhod for r
in Caim86, wherein sa core having a cross-sectional ge
fromthe groi EoRGEARe caPKeX, tapered and combinations
one core geonetries. | substrate has a > consisting of:
112. The nethod for retrieving data as in C aim86, wher

has a core having & ¥SFEOtbeuten dmstes ! Lyamant thigkngss of
outer di amgf erforhcidut FMurnREASY phikfhing @ digVdMdafAbRir
core having a geonetry selected fromthe group consistin
one ring, st arni¢kekphospidde; andiralishing tesackiovgine disner aurfa¢eaqug
The met hod for (= ' ' o] I S

| east one hol Ilcg)rv'gﬁeIi Vﬁ?ﬁ%{ﬂ&aﬁ@%ﬁ ﬁ%ﬁ@n%&%ﬁ&@té@@ Pgt ngl\llsl fﬁ%
86, conpri ses disptoemehanas aipuad.0OVemst one filled cavity.
retrieving data as in Caim86, conprises a core having
117. The nethod for Lewvi ' [en

di fferent nateriaIéf&ﬁ%gbg¥h%qﬁg?h%3ﬂ?%$£fe ?%%@#%
conprises H praxfifor amdned s®ragd triddia Toralatmhaihosteh orvermted. rih @orh

oyl

strate has a L
etrieving data as
onetry sel ected
conprising at |east
of the foregoing
ein sa d substrate
LAIMm® ¥ag he substr at

Bt ﬁng\@lﬁ, wher ei n
gtc()af| al at | east
nefs Gpsstthanes. 114,

e havi ng at
uhef ety 0P,

116. The net hod for
mul tiple portions.

W SR B 56,
hemighdingenss i N C aim

{

86, wherein said q core.forped in situ with said s%bstra e. 2{28 The et hod
for retrievi ngPPHsALmaRRSYq, Ardor maeRg-optical resia iaLarp At IS4 WaRE Mo i
substrate. | spagtbid Ravidgs hightstei@ aRBilRY, edf, MreaDdentiRyrédr@gaiabaht Sai d

substrate

Gbits/in?, can be designed. In other embodiments, storage media were unexpectedly

provided having very desirable properties, including at least one of, ¢.g., surface

15

roughness of less than about 10 A R,, low microwaviness, edge-lift less than about 8

p, mechanical damping coefficient greater than about 0.04 at a temperature of 24°C, a

resonant frequency of greater than about 250 Hz, an axial displacem

than about 500 y under shock or vibration excitation, a data layer wit

at least about 1,500 oersted, and a Youngs modulus of at least about

20 Some of the storage media described herein contain a rigid ¢

coated, spray coated, electrodeposited, or combination thereof, plasti
one or both sides. The plastic may be a thermoplastic, thermoset, or

In additional embodiments, the storage media has surface features (e

edge features, asperities (e.g., laser bumps, and the like), roughness,
25

embossing technique (i.e., the substrate can be physically patterned).

advantage of a physically patterned substrate is the elimination of the

patterning (pits, graoves, etc.) of the data layer. This can eliminate

37

and the like) placed into the plastic (film, layer, core, substrate) prefe

nt peak of less
h a coercivity of

7 GPa.

gre with a spin
c film or layer on

mixture thereof.

\B., pits, grooves,
icrowaviness,

rably using an
A further
need for servo-

\

the time




‘ IE

sai d substrate said substrate said rmultiple said substrate conprises at

| east one 51 31 July 2003 121. The method for retrieving dft@ﬂag 4n C aim
120, wherein sai insert conprises a plurality of portions attheHed%9d said
substrate on a surface of said ubstrate opposite said data |ayer. 122. The
method for retrieving data as in Caim120, wherein sai insert conprises a
singl e menber having a substantially uniformthickness, said rose attached
to said substrate on a surface of said substrate opposite said data | ayer
123. The nmethod for retrieving data as in Claim86, wherein sai substrate
has a first nodal frequency greater than an operating fqequency. 124. The
met hod for retrieving data as in Caim86, wherein the s 'bstrate possesses

a flexural ”Dd%d)sﬁmﬂ{gcbrédé@ﬁdffsbﬁo@ﬁ@éthﬁmg theltRta 1yeRQPsicdllyQ sbierathodal equency
outside of an operating frequen tge ran 125. The met hod for retrieving

data as in C aPfaces; Indditianpsiacs;the dat Y‘?itcé“ beawhely oF sehstantigllyfreeraf seftiency
ess than an ogmﬁlhgghé%mm 78 2T BRE e f i N0 data as i

Claim 86, whereint strate possesses a flexura us of greater
t han about 250 kpsi_ (1.7 g) . 127. A et hod for retri egl ng data,
conpri sing: rotati ngnexpegtest esuts esan alsarvhiaingg in relatipatte fird @Uﬁ?ﬁﬁmsw at | east

one plasticsr exlefhdiRh hrBfbr@ldd dlis kifAsleddPSe p@kglaw\%hs%amsa% odibny | €ast

ne surface o e ate. wheremn t tic resin portton conprises
the rea tion padditieeal bﬁerp&&ph@riweeﬁﬁb reflentive iayea(sh prstdcyive layestsdyetadi usingt i ng an

energy field afecm@xe%ts@haa% dléﬂh atHS el gﬁepeh*&ﬂeseﬂﬁ&ﬁé( thﬁLﬁ%l‘a%r%ssm eQ&e‘age”t

upon the data laye ore be I NCi upon
retrieving i nf of thegiasstransition tehwenatraoiithyehstm a’xl-'édléleélmbrwst«bna@ wedid 28. The

storage nedi a i DED ? of
inertia of abo ‘f““%l&BE“ ?lfgl] §§s¥ﬁate"iﬂ.@fn§ %é%aiﬂﬁnyé§§e%r§&?%gs th?rfg% % st or age
nmedi a as mi@l ahemd]s&i,penﬁblmaecenassamdalsdlbmwvaltlham saragum‘e ”memglllmes&wof | ess
t han about 10 ~ 003 .St ori as in
Q'a 97, whePBPRTRaRGed e Siobi ekebgleef of hboe HRRRAD RE o BB B ol o
greater t han athe desceipfich aid eaarmhglapmoeited lergih. 2~4C. 131 A met hod for
‘enbossing a substrate having a glass transition tenperature, f conprising:

heating a first subSHIAlSioF e RokEREGR M SoPROHEh crioyl 35skhB Aflidd O

at least a portion thereof plastic (e.g., at least a thin plastic film) toiattam the desired
15  mechanical properties and surface features. Due to the use of the QIastic, in situ
formation of the substrate with the desired surface features is possible. Furthermore,
surface features, including roughness, etc., can be embossed directi,y into the substrate
surface, rendering production of this storage media cost effective. A further
advantage is that the surface features have a greater than about 90% replication of an

{
20  original master. :
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1

tenperature; preheating and maintaining a nold at a nold'temierature bel ow
* the glass transition tenperature; introducing the heated subgliralgezoh t he

preheat ed nol d; conpressing the heated substrate in the nold] 88 I g t he
conpressed substrate; and renoving the cool ed substrate fromthe nold
wherein said substrate has an axi al displacenent beak of |ess than about
SOO~. m und 2k or vibration excitation. 1 132. A nethod for enbossing
as in dai ='Wherein said fist substrate has a plastic portion on its
surface, and wherein conpressing said heated substrate in said nold
imprints ay desi s dtaStdrh@CRedigdbmpasingt 0 the plastic. | 133. A nmethod for
enbossing as in Claim132, wherein said jsurface feature is selected from
t he group consi&suhstratefcopiprisingeat deast ene plasiés potion, amedgeolifh\neight of less
snoot hness, or roughness. i 4. A nethod.f.or enbossing in.Cdaim132,
wherein sargh qugggi%c H g %H#EFHBV%E‘FFSC Of ¥y :ﬁ!ﬂ" aﬁ@g. l(i\f’n@{lﬁluo‘ﬂl 136}3}
enbossi ng displhdentenfpeiklodZess Wmradbit 0001 addrisBodlSorviblatibneRtiagibhCandat er i al
sel ected fromthe group consisting of polyvinyl chloride, polyolefins,

pol yesters, pol8fil¢astienc 4aea \ayer anesid Yibsialesl f ones, ~ol yet her i mi des,

pol yet her sul f . e I e fi polyether

et her ket ones, Oﬂﬁie?@gildyn&é?agl%értc’&g\%g{ %?Q%E{tgpdélgl‘éangrbgjf (Véiét%{“g@goz,al ~ pol acr

| oni tril e,contbinatdéh theredf bypat Yeast ohel en¥rgy fixdd;yandet al s, pol ycar bonat es,

pol yphenyl ene ethers, ethyl e~e-vinyl acetate copol yners, polyvinyl acetate,
liquid crystal w@qr%ewﬁ,en wyprgméiehw%% ¢ dataisiaragranedia said engrgly 2003
copol yner, i : . (RYAANN (VA R A T To LY i I e

i tor ] de. S el oK S Tt 1 oK ol e R M2 . o

pol ymers and conposites conprising at |east one of the foregoing

t her nopl as?.i ¢ Thetdatd stiorage36edia\ asren Kdaimf br wherbinssich substraterhasi aai erige3ikt
wherein szligd fi rft ﬁﬁgsbrﬁse has a roughness and said cool ed substrate has
a roughne elgl-gé)g Th AW KBt substrate roughness. 137. A nethod for
enbossing a substrate having a glass transition tenperature, conprising: a.
heating a 3.i r sthesddus btotge hedia at eMONMiAL 2 whabiovaid BsbsghRSkastanodifgetlifon

t enperature; b. E)reheati ng a nold to a nold tenperature up to about 30C
above t he hynighiofissathanabeyt X eper at ure; c. introducing the heated substrate
to the preheated nold; d. conpressing the substrate in the nold; e. cooling
the substrate; pRdidia sthRFR Wit 4s18 CIAR] BF vHARE 5l SuftiRToh Lgbgyherein

t he substrate has anaséxi gF cfiraspsacerrent peak o ﬁss thgzﬁ Sﬁg? ge&gﬁm under
shock or whin aduvh AReit ati on.

5. The data storage media as in Claim 1, wherein said substrate has a mechanical

damping coefficient of greater than about 0.04 at a temperature of 24°C.

6. The data storage media as in Claim 5, wherein said mechanical damping

coefficient is greater than about 0.06 at a temperature of 24°C.

7. The data storage media as in Claim 1, wherein said substrate has a moment of

inertia of less than about 5.5 x 107 slug-in? (52 kg-mmz).

8. The data storage media as in Claim 1, wherein said substrate has a radial tilt

and tangential tilt independently of less than about 1° each.
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138. A nethod for enbossing as in Caim137, further corﬁpri ~i ng cooling

* said conpressed substrate to below the glass transition temarpiyds 139. A
nmet hod for enbossing as in Caim137, further conprising cooling the nold
to below the glass transition tenperature. 140. A nethod for enbossin as in
Claim 137, wherein the nod tenperature is g about 20C or |ess above the

gl ass tramsiti el REPGOMgE Hedid 4¢ in @mﬁ{ i‘oarh&%fn ﬁetiﬁé@au chiftedtbiCaf M 140,
wherein the nol'd tenperature is about 5C or |ess above the g?ass transition
t enper at ursebstiae varikh 1duslthar?lfidit 04626 aAethhmdnﬁmderemtmdn@nasf 80°Chai m 137,
further conprising, maintaini ng the nold tenmperature within 30C of the gl ass
transiti or$rrp g hypddifinafies 408eaksng t he substrate. 143. A method for
enbossing as in Claim 142, wherein said nold tenperature is within about
15C of th | asg,at r: b 144. A
met hod fo?l gnbzlgls?l Jnagglgﬂé’;%g% &mgiﬁyélﬁﬁﬁlﬁregg%{éa@ %ﬁ el?r%ée?g %Efgc IS

wi t hi n ab@uavityGT less thdueabghtabks transiti on tenperature while cooling the
substrate. 145 A met hod for enbossi ng as in G aim 137, wherein said first
substrate | asti or n on e and sai d heat ed
subst r at e il s;}%q%gff %ﬁ %a%"bl ?lgcsé‘ldf \é\‘ﬂ)@ﬁ aﬁtaoreg%anE
plastic. IfBueddy rf@gng;mpgﬁmg' as i n CI airn 145, wherein said surface
feature is sel ecte fromthe group consisting of: snoothness or roughness.
pits, grooves | aser bunpsy nicrowavi ness, 147. A nethod for enbossing as
in daimi 7 mgrd@mt@rag@lmerlms ig (Haim htwharein saidrwherate bas afisst seadel cool ed
substrate I’.OL Qﬂﬁ&r?aﬂnpﬁéatﬁlj%ﬂeq%%hgy.f' rst substrate roughness. 148. A

st orage ne aat I'SI

13.  The data storage media as in Claim 1, wherein said substrate has one or less

modal frequencies less than an operating frequency.

14.  The data storage media as in Claim 1, wherein said substrate comprises a core

having a substantially constant thickness.

15.  The data storage media as in Claim 1, wherein said substrate comprises a core

having a varied thickness.

16.  The data storage media as in Claim 1, wherein said substrate comprises a core
having a cross-sectional geometry selected from the group consisting of: concave,
convex, tapered and combinations comprising at least one of the foregoing core

geometries.

17.  The data storage media as in Claim 1, wherein said substrate comprises a core

having a core outer diameter substantially equal to a substrate outer diameter.

18.  The data storage media as in Claim 1, wherein said substrate comprises a core
having a geometry selected from the group consisting of: at least one radial arm, at
least one ring, star-like and combinations comprising at least one of the foregoing

geometries.
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a substrate conprising a plastic resin portion, wherein the plastic resin

~ portion conprises a polyphenyl ene ether and a pol ystyrene; az,1fjmysﬁogéata

| ayer on the substrate; and a first protective |layer disposed on a side of
the first data | ayer opposite i the substrate, wherein the first protective
| ayer conprises pol ycarbon~te; wherein the first data |ayer can be at | east

partly reagd,~ f witten t of conbi nation.thereof by a ener field,
Pra 1 wher B, | TN Hotasdpie ol Qo Ty wfeiy il SE57R5 Othelrd M. ener gy
field is igghsiemg #ROHRt &I;gahanon,,s@avﬂ?,t a layer before it could be incident
upon the substrate. 55 . A . A(. A A L. AFu_. AaE

A(CCA A AN AN, AVA A3 A3L. Au. A AFN. A AN ALLA A A . A%A ;r. AN A3. A3a% A
N. A3. A3N. A2Q.. A. Bhg datastorggemenliaas in Clainn 1, wherein said substrate comprises a core
NS;)GIDDII_@A? Lﬁriﬁﬁ?gaétrleééfgﬁe ﬁlYéd‘éa@‘ﬁN A LA A3uf 9. Al (fr. AY. A AFNy. A af

| {vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal.ca] Thd dath crrageahedih @ajrcElain{QO, wherein said filled cavity comprises a

e AR kel s Ll oo

ParrrrpEree @ C
] ca] ca] ca] @giﬁ%%g’a%%g‘?%%f%@afcaiic a??a@%%%@%m%%?g ?% g;i
r)u)x), - -/ 4d44sbahsaf1he bekgaing ehafdrialsca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca! 666777W8Z8] 8" 8T<
<L, >8>>>> . . . . . .
27777 G0 GBWEEERAE SoReR edis esin Gl yhersin s syRSUs SPMBFIS L89B a] ca ca
] ca] ca] ca] gahpisingheigiepsdbaa] cal ca] ca] ca] ca] ca] ca] ca! El FF?GHH( H@H HHHHHHI
1Al JI\I%DqQQQ&%ZZZ [ }xsni c”Y] ] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca
Lf iqaf iqaf 2L§%a] cahe fatmptosageamediac ag dn) €lajm 3% avherein, said\ pyltipls POHEWRT ghhhhi
ca ca] cal o4 AR T e T a] cal cal cal cal chi nhasseat rviy+{ (111G
.._R.._ ~—
? | qu| wr | 34] X] Th¢ clatacsthrmge|mealiz ak da]Caine d] odidiain]seid] sukratE capadsespcal cal ¢
a] ca] ca] cahc? ca ca}ﬂca] ca] calca]ca]ca]cal!'#&),/2"4s, 2$n+} xsni d_Z] ] ca] ca] ca]
ca] ca] ca] cBf 1€} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca! +4: FJHg+: - >K] " ox{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cal] caps.a] cThe dhtaaldiadecmbdiahs 8] CRlia] ohbfed] sudd sullseratd] almizécatorelR- ' pl
r~}f{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cErmsfl dmpisnyethsaidjsebstiats ca] cal Xft ?L[ q. ~z: x| LVf pz2} {vgl gb] WJ] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] c

% B I
R e o O b Rk i e b L T
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28.  The data storage media as in Claim 1, wherein said data layer has a coercivity
of greater than about 1500 oersted. l

|

29. The data storage media as in Claim 28, wherein said coercivity is greater than

about 3000 oersted.

30.  The data storage media as in Claim 1, wherein said substrate has an areal
density of about 10 Gbit/in’,

31.  The data storage media as in Claim 26, wherein the substrate comprises said
reinforcement selected from the group consisting of: fibers, whiskers, fibrils,
particulate, nanotubes and combinations comprising at least one of the foregoing

reinforcements.

32.  The data storage media as in Claim 31, wherein said reinforcement is selected
from the group consisting of: metal, mineral, plastic, ceramic, glass and combinations

comprising at least one of the foregoing reinforcements.

33.  The data storage media as in Claim 27, wherein the platic comprises a

polyphenylene ether and a polystyrene.

34.  The data storage media of Claim 33, wherein the plastic comprises about 60
wt% polyphenylene ether and about 40 wt% polystyrene based on the total weight of

the plastic resin portion.

35.  The data storage media of Claim 1 further comprising a ﬁrsi:t reflective layer
disposed between the substrate and the data layer. ’

36. A storage media for data, said media comprising:
a substrate having a surface roughness of less than 104;

a plastic film; and i
a magnetic data layer disposed on said plastic film; |

wherein said magnetic data layer can be at least partly read from, written to, or
a combination thereof by at least one energy field selected from the group consisting

of electric and magnetic; and
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wherein the storage media field has a tilt of 1° or less, mﬁlasure-d in a resting

state, wherein said tilt is selected from the group consisting

tangential tilt.

37.

modulus of at least about 7 GPa.

38. The storage media as in Claim 37, wherein said Young’s
about 70 GPa.

39.  The storage media as in Claim 38, wherein said Young’s
about 200 GPa.

40.

of radial tilt and

The storage media as in Claim 36, wherein said rigid subsirate has a Young’s

imodulus is at least

imodulus is at least

from the group consisting of: metal, glass, ceramic and combinations comprising at

least one of the foregoing.

41.

The storage media as in Claim 36, wherein said rigid s‘;bstrate is selected

The storage media as in Claim 36, wherein said plastic film comprises

embossed surface features and wherein said magnetic data layer isjdisposed over said

embossed surface features.

42,

The storage media as in Claim 36, wherein said plastic film comprises

embossed surface features selected from the group consisting of pits, grooves, edge

features, asperities, and combinations comprising at least one of th

43,

aluminum substrate.

The storage media as in Claim 36, wherein the substrate

44,  The storage media as in Claim 36, wherein the substrate
substrate.
45.

storage media is substantially equivalent to a second media not co

one plastic film.

43

foregoing.

¢omprises a coated
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e storage me

data layer with a coercivity of at least about 3,000 oersted.

)_

48.  The storage media as in Claim 36, comprising at least one S]Lin coated, spray

coated, or spin and spray coated plastic film.

49.  The storage media as in Claim 36, wherein said plastic f}

thermoplastic resin with a glass transition temperature of at least 150

50.  The storage media as in Claim 36, wherein said plastic film ¢}
one thermoplastic resin of the group consisting of
polyetheretherketones, polysulfones, polyethersulfones, polyet]

polyphenylene ethers, thermoplastic polyimides, and polycarbonates.

51.  The storage media as in Claim 36, wherein said plastic film ¢}

one thermoset resin comprising embossed surface features.

52.  The storage media as in Claim 36, wherein said plastic film ¢

Im comprises a
C.

pmprises at least
polyetherimides,

nerethersulfones,

pmprises at least

pmprises at least

one thermoset resin, wherein the at least one thermoset resin is at le

t partially cured

during a process to emboss surface features onto the at least one therrhoset resin.

53.  The storage media as in Claim 36, wherein said plastic film domprises at least

one thermoset resin selected from the group consisting of epoxy, jphenolic, alkyds,

polyester, polyimide, polyurethane, mineral filled silicone, bis-m:

esters, vinyl, and benzocyclobutene resins.

54. The storage media as in Claim 36, wherein said storage me

density greater than about 6 Gbits/in’.

imides, cyanate

dia has an areal

55.  The storage media as in Claim 36 having a thickness of 0.8 mm to 1.2 mm.

56. A storage media for data, said media comprising:

a substrate having a top side and a bottom side;
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58. The storage media as in Claim 36, wherein said tilt is less than gbout 0.3°.

59. The storage media as in Claim 36, wherein said plastic film has

of up to about 50 um.

a film thickness

60. The storage media as in Claim 45, wherein the film thickness if about 0.5 pm to

10 um.

61. The storage media as in Claim 40, wherein said plastic film comprises a

thermoplastic resin with a glass transition temperature of at least 2001C.

62. A storage media for data, said media comprising:
a metal substrate;
a plastic film; and

a data layer disposed on said plastic film;

wherein said data layer can be at least partly read fromh, written to or a

combination thereof by at least one energy field;
wherein said energy field comprises at least one of an

a magnetic field; and

electric field and

wherein the storage media has a tilt of about 1° or legs, measured in a

resting state, wherein said tilt is selected from the group consisting

tangential tilt.

of radial tilt and

]

63. The storage media as in Claim 59, wherein said plastic film hag a film thickness

of up to about 20 microns.
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70.  The method for retrieving data as in Claim 68, wherein said|storage media is

rotated at a variable speed.
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78.  The method for retrieving data as in Claim 68, wherein saici substrate has an

QQ
Ro

edge-lift height of less than about 8 microns. [
79.  The method for retrieving data as in Claim 78, wherein saic? substrate has an
edge-lift height of less than about 5 microns.
|
80.  The method for retrieving data as in Claim 79, wherein saicé substrate has an

3
!

|

81.  The method for retrieving data as in Claim 79, wherein said substrate has a

edge-lift height of less than about 3 microns.

mechanical damping coefficient of greater than about 0.04 at a temp;prature of 24°C.
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88.  The method for retrieving data as in Claim 87, wherein §a1d substrate has a

moment of inertia of no more than about 4.5 x 10 slug-in® (42 kg-ffmmz).

89.  The method for retrieving data as in Claim 88, wherein said substrate has a

moment of inertia of no more than about 4.0 x 10? slug-in? (37 kg-%nmz).

90.  The method for retrieving data as in Claim 86, wherein sf;aid substrate has a
surface roughness of less than about 5 A R,.

91.  The method for retrieving data as in Claim 86, wherein %ﬂd substrate has a
mechanical damping coefficient of greater than about 0.04 at a teni?)erature of 24°C.,

92. The method for retrieving data as in Claim 91, wherein éﬂd substrate has a

l
mechanical damping coefficient of greater than about 0.06 at a temperature of 24°C,

93. The method for retrieving data as in Claim 86, wherein the moisture content
of said substrate varies less than about 0.5% at equilibrium undeé test conditions of
4

80°C at 85% relative humidity after 4 weeks.
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composites comprising at least ohe of the foregoing materials.

i
97.  The method for retrieving data as in Claim 83, wherein sai%l substrate has an
|

axial displacement of less than about 125 pm.

98.  The method for retrieving data as in Claim 96, wherein saicﬁ substrate further

comprises metal. ]

99. The method for retrieving data as in Claim 96, whereLn said substrate

comprises a resin selected from the group consisting of: hydrogena;ed polystyrene, a
|

poly(cyclohexyl ethylene), poly(styrene-co-acrylonitrile), poly(styrene-co-maleic

anhydride), blends, copolymers, mixtures, reaction products %and composites

comprising at least one of the foregoing resins.

100. The method for retrieving data as in Claim 86, wherein TEaid plastic resin
portion comprises a resin selected from the group consisting of: pblyvinyl chloride,
polyolefins, polyesters, polyimide, polyamides, polysulfones, polyether imides,
polyether sulfones, polyphenylene sulfides, polyether ketones,% polyether ether
ketones, ABS resins, polystyrenes, polybutadiene, polyacrylates, [polyacrylonitrile,
polyacetals, polycarbonates, polyphenylene ethers, ethylede-vinyl acetate
copolymers, polyvinyl acetate, liquid crystal polymers, ethylene-t¢trafluoroethylene
copolymer, aromatic polyesters, polyvinyl fluoride, polyvinylidene fluoride,
polyvinylidene chloride, tetrafluoroethylene fluorocarbon polyn;her, and blends,

copolymers, mixtures and composites comprising at least one of the foregoing resins.

49

e omprs g e



10%! & ()- 3 310%! & ()-$OCv|[: A41l0se!s +MIOW! & ()-@F LlO%(' & ()- F

@ &10%! &

()- s' 10%!& ()- 3 '10%!& ()-z s10%! & ()-| | obydil 2003
F

\#10%e! s& ()-10x! 10x! 10x! 7109%! & ()- F 310%! & ()- 311D%! & () -
109%! & ()-1% & [:bU4L0 Y ,10%e!s& ()- Y 10%e!s& ()-@ 109%e! s& ()-

10%se! s&

10%e! s& ( 0vsel
10%e! s& (1)01 |[1Lh8

'"10%se! s&

l\/IlO%seI s&

Y710%e! s& ()-5Sj xrﬂeug1 v410 F10%e!s& ()- -10%e!s& (% z 10%e!s& ()-
8

10%e! s &Iog*t)lon isa f?lty Oa%m%I a t%lc(kzless of less Qhan abogi é(?um

() 31 109 &'() | H3!1 1099e! 9& ()-&o| [: bUA10 || #10%e! s& ()-

& i i® 55 By Cloby 5, SReRS) 5t plbsuate furer g1 (1 -,

| *10%el%ig,¥{p} es@}taptyse's&' ()- | '10%e!s& ()--!svU410 fS10%se! s& ()-

z 3 109%G& ()- 3 109 ()-10se!sl1l0se!s10sels

1@)2 Theomethod oy retri¢viog eia@&aq Jin ¢flpig [L0V Uavberein Epidoslesticgresin

103. The method for retrieving data as in Claim 102, wherein gaid thickness is

about 20um or less.

104. The method for retrieving data as in Claim 86, wherein said substrate
comprises reinforcement selected from the group consisting of: fibers, whiskers,
fibrils, nanotubes, particulate and combinations comprising at least one of the

foregoing reinforcements.

105. The method for retrieving data as in Claim 104, wherein said reinforcement is

selected from the group consisting of: metal, plastic, mineral, ceramic, glass, and

combinations comprising at least one of the foregoing reinforcements,

106. The method for retrieving data as in Claim 86, wherein said substrate has a

substantially constant thickness.

|
107. The method for retrieving data as in Claim 86, wherein sai&? substrate has a
varied thickness.

108. The method for retrieving data as in Claim 86, wherein said substrate has a
cross-sectional geometry selected from the group consisting of: concave, convex,
tapered and combinations comprising at least one of the foregoin& cross-sectional

geometries.

109. The method for retrieving data as in Claim 86, wherein said substrate has a

core having a substantially constant thickness.

110. The method for retrieving data as in Claim 86, wherein said substrate has a

core having a varied thickness.
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112.  The method for retrieving data as in Claim 86, wherein sa

core having a core outer diameter substantially equal to the substrate

113.

R
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d substrate has a

outer diameter.

The method for retrieving data as in Claim 86, wherein sajd substrate has a

core having a geometry selected from the group consisting of: at legst one radial arm,

at least one ring, star-like and combinations comprising at least on¢ of the foregoing

geometries.

114. The method for retrieving data as in Claim 86, where

comprises a core having at least one hollow cavity.

115.

comprises a core having at least one filled cavity.

116.

comprises a core having multiple portions.

The method for retrieving data as in Claim 86, where

117.

portions comprise different materials.

118.

comprises a preformed core.

The method for retrieving data as in Claim 86, where

119. The method for retrieving data as in Claim 86, wherein said sy

a core formed in situ with said substrate.

120.

insert attached to said substrate.
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The method for retrieving data as in Claim 86, wheref

The method for retrieving data as in Claim 116, wher¢

in said substrate

in said substrate

in said substrate

bin said multiple

in said substrate

Ibstrate comprises

The method for retrieving data as in Claim 86, further comprising at least one
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125.  The method for retrieving data as in Claim 86, wherein said substrate has only

one modal frequency less than an operating frequency.

126. The method for retrieving data as in Claim 86, wherein the sybstrate possesses

a flexural modulus of greater than about 250 kpsi (1.7 Gpa).

127. A method for retrieving data, comprising:

rotating a storage media having a substrate comprisi

plastic resin portion and at least one data layer disposed on at least bne surface of the

substrate, wherein the plastic resin portion comprises the reagtion product of

polyphenylene ether and a polystyrene;
directing an energy field at the storage media such that the energy field

is incident upon the data layer before it can be incident upon the subgtrate; and
retrieving information from the data layer via the energy field.

128. The storage media as in Claim 127, wherein said substrate has a moment of

inertia of about 4.0 x 10 slug-in? (37 kg-mm?) or less.

129. The storage media as in Claim 127, wherein said substrzTite has a surface
roughness of less than about 10 A R,. |
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134. A method for embossing as in Claim 132, wherein paid plastic is a

thermoplastic material. l
135. A method for embossing as in Claim 132, wherein Laid plastic is a
thermoplastic material selected from the group consisting of p;i)lyvinyl chloride,
polyolefins, polyesters, polyimide, polyamides, polysulfones, ﬁaolyether imides,
polyether sulfones, polyphenylene sulfides, polyether ketones,{ polyether ether
ketones, ABS resins, polystyrenes , polybutadiene, polyacrylates,i polyacrylonitrile,
polyacetals, polycarbonates, polyphenylene ethers, ethyle*ne-vinyl acetate

copolymers, polyvinyl acetate, liquid crystal polymers, ethylene-tEtraﬂuoroethylene
1
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139. A method for embossing as in Claim 137, further comprising cooling the mold

to below the glass transition temperature.
140. A method for embossing as in Claim 137, wherein the mold temperature is
about 20°C or less above the glass transition temperature.

141, A method for embossing as in Claim 140, wherein the mold temperature is

about 5°C or less above the glass transition temperature. ' \
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selected from the group consisting of: pits, grooves, laser bumps, microwaviness,
i

smoothness or roughness.

147. A method for embossing as in Claim 137, wherein said first substrate has a
roughness and said cooled substrate has a roughness less than said first substrate

roughness.

148. A storage media for data, comprising:

a substrate comprising a plastic resin portion, wherein the plastic resin
portion comprises a polyphenylene ether and a polystyrene;

a first data layer on the substrate; and

a first protective layer disposed on a side of the first data layer opposite
the substrate, wherein the first protective layer comprises polycarbonate

wherein the first data layer can be at least partly read;from, written to,
or a combinatjon thereof by a energy field; and ,

wherein, when the energy field contacts the storage n116dia, the energy

. . . . . l '
field is incident upon the first data layer before it could be incident upon the substrate.
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